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PREFACE TO THE SECOND EDmON. 


The former issue of this work having been exhausted, the present 
revised edition was commenced under the conditions indicated on 
the title-page, and had proceeded far towards completion when, 
to the extreme regret of a large circle of personal and professional 
friends, the Author died suddenly on the morning of January 5, 
1887, having been engaged upon the work of revision to within 
a very few hours of his lamented decease. 

The whole of the manuscript was at that time in the printer’s 
hands, and the work has been completed with no more alteration 
than would, in the opinion of his coadjutor, have been adopted by 
the Author himself had he survived to complete his work. 

The progress of invention in all branches of metallurgical 
industry during the last ten years has necessarily led to an en- 
largement of the volume, which has been increased in the text 
from 739 to 817 pages, and in the number of illustrations from 
205 to 232, although some considerable reductions have been made 
by the suppression of matter and illustrations either obsolete or 
unsuited to present conditions contained in the former edition. 

The largest alterations have, as might be expected, been made 
in the section devoted to Iron, but many notable additions will 
also be found under the heads of Copper, Lead, Silver, and Gold, 
dealing with the newer developments in processes for the smelt- 
ing and extraction of these metals from their ores. It was 
originally intended to have entered at some length upon the 
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subjects of gaseous fuel and firing in their newer developments, 
but as this could only be done by trenching upon the space 
required for the more immediate purpose of the book, namely, 
the description of smelting-processes proper, the intention has 
been abandoned, although not without some regret. 

In the revision of the text, notices have been removed of 
several processes which have either failed in practice or become 
obsolete ; but those coming within the latter category, that are 
either of historical interest or form the bases of subsequent 
developments, have been retained. 

London, April 20, 1887. 



PEEFACE TO THE FIRST EDITION. 


The First Edition of the Author’s ‘ Manual of Metallurgy ’ 
appeared in 1852, the second in 1854, and the third in 1858. 
Up to the last of these dates no other work on this subject had 
been published in England ; bat we have since had the excellent 
volumes of Dr. Percy, and a translation of Professor Kerfs 
Metallurgy, with additions, by Messrs. Crookes and Rohrig. 

A treatise on the ‘ Metallurgy of Iron,’ by W. Truran, is also 
before the public, as well as an admirable manual on the same 
subject by H. Baiierman ; two small but useful volumes on the 
Metallurgy of Copper, Lead, and Silver, by Dr. R. H. Lambom, 
forming a portion of ^ Weale’s Rudimentary Series,’ and various 
other works of a somewhat similar character, have from time to 
time been published within the last fifteen years. 

The student has, therefore, within his reach a considerable 
number of metallurgical books in the English language ; but 
some of them are large and consequently expensive, while others 
confine themselves to the metallurgy of one of the metals only. 
No well-illustrated treatise in a single volume has, however, 
appeared, describing with any considerable detail the metallur- 
gical operations relating to all the principal metals, and at the 
same time serving as an introduction to the general literature 
of metallurgy. 

The object of the present work is to supply, within moderate 
limits, such practical information on general principles, and 
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typical processes, as may not only afford a comprehensive view 
of the subject, but also enable the reader to study with advantage 
more elaborate treatises and original memoirs. The information 
generally is, as far as practicable, brought up to the present 
time. In order to do this, various works on metallurgy, as well 
as numerous papers dispersed through the different English and 
foreign scientific journals, have been consulted. Recourse has 
also been had to notes which, during the last twenty years, have 
been made by the Author, both at home and abroad. These 
principally refer to the Metallurgy of Copper, Lead, Silver, and 
Gold. 

In the case of each of the more important metals, the different 
ores from which they are respectively obtained are enumerated 
and described, while statistics of their distribution and production 
in various parts of the world are also added. Much information 
relative to the distribution of iron ore has been derived from 
Bauerman's ‘ Metallurgy of Iron ’ ; in the case of the other metals 
the statistics have either been obtained from official sources, or 
compiled from the most trustworthy information available. For 
returns relative to the production of France and of the United 
States of America, we are indebted respectively to Professor 
Daubree, of the £cole des Mines, Paris, and to Professor B. 
Silliman, of Yale College, Connecticut. 

A great difficulty experienced in collecting statistics relative 
to the metal-production of the world arises from the fact that 
ores raised in one country are frequently subjected to metallurgical 
treatment in another, and the produce is, in the majority of 
instances, returned by both. 

Allowance for such double returns has, when practicable, been 
made, but the complete elimination of error arising from this 
cause would be exceedingly difficult. Sometimes no precise 
figures have been available, and in such cases estimates founded 
on the best procurable data have been substituted. 
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Both the wet and dry methods of assaying are given with 
considerable detail, and when, as in the case of ironstones, the 
value of an ore is materially affected by the nature and quantity of 
the impurities present, the processes employed for their detection 
and estimation are fully described. 

The principal works, in addition to those already mentioned, to 
which the Author wishes to acknowledge his obligations, are the 
following : Gruner and Lan, ‘ M^tallurgie du Fer en Angleterre,* 
published in the Annales des Mines ; Gruner, ‘ De TAcier et de sa 
Fabrication,’ also published in the Annales des Mines; Jordan, 
‘ M(5tallurgie du Fer au pays de Siegen,’ published in De Kuyper’s 
Revue Universelle ; Dana’s ‘ System of Mineralogy,’ and Watts’s 
‘ Dictionary of Chemistry.’ Many other books and papers have 
necessarily been consulted ; but the several sources from which 
information has been derived will be found duly acknowledged in 
the text. 

Of the illustrations a large number are new, and have been 
reduced by Mr, W. J. Welch from working drawings, a few only 
having been retained from the ‘ Manual of Metallurgy.’ Some 
have been obtained from foreign sources, particularly from draw- 
ings published by the Technical Institute of Berlin under the 
title of ‘Sammlung von Zeichnungen fur die Hiitte.’ Others 
have been reproduced from papers published in the Transactions 
of various societies ; a few have been reduced from Truran’s 
drawings ; and some six or eight have, with the kind permission 
of the Author, been adapted from Percy’s ‘ Metallurgy.’ 

The woodcuts have been drawn to scale, and a sufficient 
number of dimensions are generally given to render easy the 
determination of any others that may be required. 

The Author has much pleasure in acknowledging his obliga- 
tions to Mr. W. Hutchison for information relative to lead- 
smelting at Coueron, to Professor Ulrich for a description of the 
process employed at Oker for the extraction of silver and gold 
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from copper by sulplinric acid, and to Ober-Berg- und Hiitten- 
Director Leuschner for drawings of the large blast-furnace at 
Mansfeld, and for valuable information relative to the various 
processes employed in that establishment. His thanks are like- 
wise due to Mr. F. W. Eudler for his able assistance during the 
time this volume has been passing through the press. 

Cbessington Park, Aigburth, 

June, 1874 . 
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ELEMENTS OF METALLURGY. 


INTRODUCTION. 

Metallurgy is the art of extracting metals from their ores and preparing' 
them for the uses of the artizan and manufacturer. A knowledge of the 
principles involved in the treatment of metalliferous substances for the 
metals they contain constitutes the science of metallurgy. The various 
phenomena observed during metallurgical processes relate either to 
chemistry or to physics. Mechanical appliances are also extensively em- 
ployed by the metallurgist, and the science of metallurgy is consequently 
founded on a knowledge of chemistry, physics, and mechanics. 

The history of the art dates from the most remote antiquity, and its 
fundamental principles had been discovered and applied to the wants of 
mankind, long before the existence of the sciences by the aid of which 
their operations have since been explained. Tiibal-Cain is stated to have 
been ‘‘ an instructor of every artificer in brass and iron.’^ i In the days 
of Moses, at least six metals were known, since, in his direction for the 
purification of the spoils of the Midianites, he says; “Only the gold, 
and the silver, the brass, the iron, the tin, and the lead, everything that 
may abide the fire, ye shall make it go through the fire, and it shall be 
clean. 2 

That silver was at a very early period extracted from ores of lead is 
apparent from the following passages, which evidently refer to cupella- 
tion. “ The house of Israel is to me become dross ; all they are brass, 
and tin, and iron, and lead, in the midst of the furnace ; they are even 
the dross of silver,’^ ^ And again, “ The bellows are burned, the lead is 
consumed of the fire ; the founder melteth in vain ; for the wicked are 
not plucked away. Keprobate silver shall men call them, because the 
Lord hath rejected them.” ^ Strabo quotes Polybius as speaking of an 
ore which, after being washed seven times, was melted with load and 
became pure silver. 

In speaking of gold, which was probably one of the first metals 
known, Pliny says : “ In these parts of the world in which wo live, gold 
mines are found, to say nothing of India, where the ants cast it up out 
of the ground, or that which tlie griffins gather in Scythia. The gold 
with us is procured in three ways. Among the sands of some great rivers, 

1 Gen, iv. 22« 3 Num. xxxi. 22, 23, ^ Ezek. xxii. 18, ^ Jer. ri. 29, 30. 

A 



2 


ELEMENTS OF METALLURGY. 


such as the Tagus in Spain, the Po in Italy, Hebrus in Thrace, Pactolus 
in Asia, and the Indian Ganges, all of which yield gold. Neither is 
there any gold finer or more perfect, from being thoroughly polished by 
the rubbing and attrition it meets with in the courses of streams of 
water. There is another method of obtaining gold, viz., by digging 
it out of pits which are made for that purpose, or else in caverns and 
breaches caused by the fall of mountains.” ^ He goes on to say, 
** Other minerals after their extraction require fire for their conversion 
into metal ; but gold, of which we now treat, is gold as soon as it is 
found.” Again, “ Neither rust nor canker alters the weight of gold, or 
affects in any way its quality. Salt and vinegar, thougli such active 
solvents, do not make the least impression on it.” He states that “ with 
respect to its purification it should be mixed with lead.” No mention is 
made of separating gold from silver, although Pliny observes that all 
gold contains more or less silver, and adds that when that metal is in the 
proportion of one-fifth, the alloy is called elpctrum. There were anciently 
extensive gold mines in Thasos and other Greek islands. Herodotus tells 
us he had himself seen the mines of Thasos, and that a great mountain 
had been overturned in searching for the metal. 2 

Gold was employed in Rome for the purpose of fixing artificial teeth 
more than three centuries before the Christian eia, and a law of the 
Twelve Tables makes exception with regard to such gold, permitting it 
to be buried with the dead.^ The remains of numerous mines have been 
traced by Gmelin, Lepechin, and Pallas, on the southern and eastern 
borders of the Ural mountains ; and in them were found hammers and 
chisels of copper, as well as various instruments of the same metal, of 
which the uses are at present unknown. From the absence of any 
remains of masonry in the neighbourhood, these excavations are inferred 
to have been made by a nomadic people, probably the Scythians ; and 
from no iron tools having been found in any of them, we may conclude 
that these operations were carried on before the conquest of Siberia by 
the Tartars, who effected the subjugation of that part of Asia about 150 
years before our era.'* Hammers made of large stone.s, to which handles 
had been attached, were also discovered, togetlier with boars’ fangs, with 
which tlie gold appears to have been collected, and leathern bags or 
pockets in which it was preserved. Witli such imperfect tools, the pro- 
gress made must neces.sarily have been slow, and in one instance, after 
reaching a band of rock, and penetrating it for a short distance, the 
miners seem to have lost patience and abandoned the works. 

Lumps of copper, containing no traces of gold, have also been dis- 
covered, although the copper ores of the district are found associated 
with gold, and it is therefore probable that the ancient people who 
worked these mines were acquainted with a method of separating gold 
from copper. 

^ Pliny, Hilt. Nat. xxxiii. 4. 2 yjb. vi. c. 47. ® Cic. de Leg. ii. 24. 

* * Histoire G^n^alogique dca Tartares." 
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Smelting was effected in small furnaces made of red bricks. Gmelin 
found nearly a thousand such furnaces in the eastern parts of Siberia. 
The height and breadth of these were each about two feet, and the 
length three. They were furnished with holes in two of their opposite 
sides, the one for the introduction of a blast, and the other for the escape 
of the metal and slags. In the neighbourhood of tlie furnaces were 
found large quantities of broken pottery, together with numerous heaps 
of scoriae, which indicate that operations to a very considerable extent 
had, at some period, been carried on in the locality. 

Gmelin likewise found in the same district the remains of various 
furnaces which had been employed for the extraction of silver, and 
remarked that the lead witli which it was associated had been thrown 
away in tlie scoriae, whilst the whole of the silver was carefully ex- 
tracted. Dy what means this was effected, in this particular case, it is of 
course now impossible to determine, although it is highly pro!)able that 
cupellation in some form was resorted to. Diodorus (iii. 14) informs us, 
that gold was purified by being melted and heated in earthen pots, 
together with an alloy of tin and lead, to which, salt and barley-bran 
were added ; and that the fire was kept up during five successive days. 
Hippocrates states that gold was melted by a gentle fire, with the addition 
of salt, nitre and alum, and that the same process was employed for 
refining silver. 

Mercury is first mentioned by Aristotle and Theophrastus under the 
name of fluid silver nature does not appear to 

have been well understood even four centuries later, since Pliny distin- 
guishes between quicksilver, argeutum vivum^ and the liquid silver, 
hydrargurni^^ obtained by the treatment of native cinnabar. The latter he 
supposes to bo a sjmrious imitation of quicksilver and a fraudulent sub- 
stitute for it.i With regard to the properties of quicksilver, he observes : 
“ So penetrating is this liquor, that there is no metal but it will eat and 
pass through. It supports everything which may be thrown into it, unless 
it be gold only, which sinks to the lx)ttoni. It is, besides, very useful 
for the purpose of refining gold ; to efiect which object that metal mixed 
with cinders is placed in an earthen pot, and shaken with mercury, which 
rejects all the impurities mixed with it, but in return takes hold of the 
gold itself. To expel it from the gold, the mixture is poured on skins, 
which, on being pressed, allow the mercury to pass through them in drops, 
whilst the gold remains in all its purity.” ^ 

The above process differs but little from the methods in general use 
for the purposes of amalgamation at the present day ; but in this case 
Pliny^s descri 2 )tion is imperfect, inasmuch as the solid amalgam remaining 
on the skins would require the separation of the combined mercury, b}’’ the 
aid of heat, before the gold could exist in the jmre and fine state described. 

Tin and lead appear to have been frequently confounded by the 
ancients, since their names in Hebrew, Arabic, Greek and Latin are often 
I Hist. Nat. xxxiii. 8, 1. ® Hist. Nat. xxxiii. 6. 
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indifferently used.^ Tlie Greeks, when they would distinguish the two 
metals, called tin xa(r<r/rf^of, and lead fiiXv^do;, Pliny appears to have 
regarded tlicin as two varieties of the same metal, as ho describes them 
under the titles of white lead and black, and states that 2 ilumhum can- 
didum, called by the Greeks xatfff/ripo;, was more valuable, and com- 
manded a liiglier price than the black variety. 

His description of plumhim candid nm, and the state in which it was 
found, leaves no doubt that this much-valued metal was tin ; it being 
represented as occurring among sand, in the dried-up beds of rivers, 
and as only known from the other substances witli which it was found 
associated, by its dark colour and great weight. ‘‘ There is likewise found 
in the gold mines a kind of lead ore which they call elutia (stream-tin). 
The water which is let into the mines washes, and carries down with it, 
certain little black stones, streaked and marked with white, and as heavy 
as the gold itself. It is gathered with that metal, and they remain 
together in the baskets in which the gold is collected.’^ Again: “You 
cannot solder together two jheces of black lead without white lead, 
neither can tliis be united to the other without the aid of oil.^^ 

He also says of this metal : “ Xeither out of white lead can any silver 
be extracted ; wheieas out of the black this is commonly done.” 

"When speaking of common lead, the same author says : “ It is much 
used for conduit-pipes and for being liaminered into thin plates ; ” and he 
then goes on to describe the mines of France, Spain, and Britain, which 
he states, when work(Ml out and exhausted, become quite as productive as 
ever, and indeed even more so, if allowed to remain a short time without 
being worked ; for which he accounts by supposing the metal to be 
produced by the air, which has then free access into the mine. With 
regard to the .>tate in which nvjrum occurs, we are informed that, 

“ Black lead has a double origin ; for it is either produc(*d in a vein of its 
own, without any other metal ; or otherwise it is mingled with silver in 
the same mine : being mixed together in the same stoiui of ore, and they 
are only separated l^y melting and refining in a furnace.^ The first liquid 
that flows from the furnace is tin {stannum), and the second silver. That 
whicli remains behind is galena, the third element of tlie vein, which 
being again melted, after two parts of it arc deducted, yiehls black lead.” 

The above passage is obscure : tin, lead, and 8ilv(*r are not often found 
in the same stone, but were they thus to occur, the tin would not be the 
first to flow out of the furnace. Tlie ore from which the ancients pro- 
duced their lead appears to have been galena, a name employed by Pliny 
as synonymous with niolybdspna, which is described by Hioscorides and 
himself as an argentiferous lead ore. 

Of the metals employed by the ancients for the manufacture of objects 
adapted to the everyday usages of life, copjier and its alloys were the most 
common ; as by far the greater portion of the coins, utensils, and imple- 

^ 'Ancient Mineralogy,* by N. F. Moore, LL.D., p. 60. 

2 Hist. Nat. xxxiv. 16. 
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merits of war, which are occasionally brought to light, are composed of 
some alloy of copper ; and consequently, the making of these alloys, and 
their adaptation to the various wants of mankind, must have formed an 
important branch of the manufactures of the Greeks and Romans. 

Accordingly, the author of the “ Natural History of the World,” after 
describing the properties of this metal, and stating the localities in which 
that of the best quality was found, gives the composition and proportions 
employed in the various mixtures then common in Rome, and informs us 
to what uses they were severally applied. He also states that copper was 
first found in the island of Cyprus, whence two distinct kinds were 
exported.^ One called coronariam^ which, when reduced to thin leaves 
and coloured with the gall of an ox, had a golden colour, and was em- 
jdoyed for making coronets and tinsel ornaments for actors, from which 
circumstance it derived its a{)pellation. Another variety, which was 
named retjulare^ is not particularly described, except that, like tlie former, 
it would stand hammering, and might thus be made to take any required 
form. 

The brass of next best (piality came from Campania, where it \vas the 
custom to add eight pounds of lead to every hundred pounds of copper. 
It is also mentioned that in Gaul it was usual to melt copt)er among red- 
hot stones, for the purpose of obtaining a steady heat, as a quick fire 
was found to blacken the metal and render it brittle. He further in- 
forms us that the process was completed in one operation, but states that 
the quality would bo improved by more frequent melting : “ Moreover, 
it may not bo amiss to state also that all kinds of brass melt best in 
the coldest weather. For statues and tables, brass is worked in the 
following manner : first the ore, or stone, as it comes out of the mine, 
is melted ; and, as soon as this is done, they add to it a third part of 
scrap brass, consisting of broken pieces of vessels that have been used ; 
for it is time and use alone that bring brass to perfection. It is the 
rubbing which conquers the natural harshness of the metal They then 
mix twelve pounds and a half of tin to every hundred pounds weight of 
the aforesaid melted ore- The softest alloy is called formally in which are 
incorporated a tenth part of black lead and one-twentieth part of argentine 
lead; it is this mixture which best takes the colour called grecanic. 
The last alloy is that which is called ollaria, or pot-brass, as it takes 
its name from the vessels for which it is mostly employed, and this is 
made by tempering every hundred pounds 'weight of brass with three or 
four pounds weight of argentine lead or tin.” ^ 

The alloys above described are merely modifications of bellmetal or 
bronze ; but it is not improbable that the ancients were acquainted with 
zinc-brass long before this period. Aristotle tells us that the Mosynoe- 
cians, a people who inhabited a country not far from the Euxine Sea, 
were said to make copper of an exceedingly fine colour, not by the addi- 
tion of tin, but by mixing and cementing it with an earth found in that 
^ Hist. Nnt. ixxiv. 8. * Hist. Nat. xxxiv. 9. 
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country.^ "We are also informed by Strabo tliat, in the neighbourhood 
of Aiidera, a city of Phrygia, a remarkable kind of stone was met with, 
which, being calcined, became iron, and, on being fluxed with a certain 
kind of earth, yielded drops of a silvery dooking metal, which, mixed 
with copper, formed an alloy called orichalcum.^ 

Sextus rompeius Festus, who abridged a work of Verrius Flaccus, a 
writer of the time of Augustus, mentions cadmia^ which he describes as 
an earth thrown upon copper in order to convert it into orichalcum.® 

On this subject Pliny affords us but little information, merely stating 
where cadmia was found, and naming some of its medicinal properties ; 
but he seems to have regarded it rather as an earth which gave a yellow 
colour to copper, than as an ore of a distinct metal, zinc being in no 
instance mentioned by him, although ho speaks of a kind of brass which 
was manufactured in the island of Cyprus from copper and cadmia. 

If the foregoing quotations were not sufticient to show that the 
ancients were acquainted with zinc-brass, the fact is distinctly proved 
by the following analyses, published by the author in 1852 — 



1. 

2 

8 . 

4 . 

5. 

Copper . 

82 “26 

81 or 

83-04 

8V67 

7914 

Zinc 

17-31 

17-81 

15-84 

10-85 

6-27 

Tin ... 


1-05 


1-14 

4-97 

Lead 

1 



1 73 

9-18 

Iron 

0*35 1 


0 50 

0-74 

0 23 


99-92 

99-93 

99-38 

100-13 

99 79 

Specific gravity . 

8 52 , 

8-59 

8-50 1 

8-30 

1 8-83 


No. 1 — Large bras^) of the Cassius family, about li.c. 20 j metal of a 
yellow colour. No. 2 — Large brass of Nero, a.d. GO; reverse, Rome 
seated; metal, bright yellow. No. 3— Titus, a.d. 79 ; metal, yellow and 
soft. No. 4 — Hadrian, a.d. 120; “Fortuna) reduci;'* finely patinated ; 
metal, fine yellow. No. 5 — Fau.stina, a.d. 1G5 ; “ 1‘ietas,” without patina ; 
metal of a whitirsh colour and very brittle. 

That metallic zinc, however, was known to the ancients, th(*re is no 
evidence to show, since the metal mentioned by Strabo as given out in 
drops from a certain stone wlieii lieated, could scarcely have been zinc, 
which would have been volatilized if treated in the way described ; and 
we may, therefore, suppose that, if the stone referr(‘d to by him was an 
ore of zinc, it might abo have contained some other metal, such as 
lead, with wliich it is often as.sociated, and wliich would produce the 
appearance in question. Ambrose, Hishop of Milan, describes tlie trans- 

1 Arist. de Mirab., op. v. 2 gfcrabo. Geo. Ixiii. 

3 “Cadmia terra, qu® iu sea coijjicitur ut fiat orichalcum.” — Fes. d j Ver., Watson’s 
Chemical Essays,’ iv. p. 91. 

* ' Quart. Journ. of Chem. 8oc. of London,’ 1852, iv. p. 252. 
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formation of copper into oriclialcum, as being effected by means of a 
drug, and not by the addition of another metal. From this we may 
infer that he was unacquainted with the metallic nature of the material 
employed, although, from his calling it a drug, ho was perhaps aware of 
its possessing certain medicinal properties. 

A similar description of the manufacture of brass is given by Prima- 
sius, Bishop of Adrumetum, in Africa, in the sixth century, and by 
Isodorus, Bishop of Seville, in the seventh. Agricola, who wrote in the 
sixteenth century, was also apparently ignorant that cadmia contained 
zinc, of which we have no authentic account until we find it mentioned 
by Paracelsus,^ who died in 1541, from which it would appear that, 
although the manufacture of zinc-brass is of great antiquity, the extrac- 
tion of the metal itself is a comparatively modern discovery. 

Iron was doubtless employed in very early times, although the uses of 
copper and its alloys were probably known at a much earlier period. 
Hesiod speaks of iron as having been unknown during the age of bronze, 
and Lucretius says, with regard to this metal, “ Et prior eeris erat quam 
ferri cognitus usus.” 2 Moses compares the deliverance of the Israelites 
from Egyptian bondage to tlieir being “brought forth out of the iron 
furnace.’’ ^ In the time of Homer iron was well known, but appears to 
have been enqdoyed more sparingly than bronze, and must have been of 
considerable value, since a mass of iron, which had been used by Eetion 
as a quoit, is offered by Achilles as a piize at the funeral of Patroclus. 

When the interpreter who accompanied Herodotus reads to him an 
inscription on one of the Egyptian pyramids relative to the amount of 
money expended on radishes, onions, and garlic, for the workmen em- 
ployed on its construction, he makes the reflection, that if this were true, 
how much more must have been paid for iron tools, bread, and clothing.^ 
If we allow that iron tools were used in building these monuments, this 
metal must have been in common use during some portion of the time 
wdiich elapsed between the birth of Abraham and the captivity of Joseph.^ 

Aristotle says that iron is purified from scoria by melting, and when 
it had been treated thus several times and became pure, it was changed 
to steel, aro/iufioL, 

Daimachus, a writer contemporary with Alexander the Great, speaks 
of four differtmt kimls of steel, and the purposes to which they were 
severally suited. “ Of steels (tojv ^ro/A«.adr«v), there is the Chalybdic, 
the Synopic, the Lydian, and the Lacedaemonian. The Chalybdic is best 
for carpenters’ totds, the Lacedaunonian for files, drills, gravers, and stone 
chisels ; the Lydian also is suited for files, and for knives, razors, and 
rasps.” ® 

1 “Marchasita Aurea,” mentioned by Albertus Magnus in the 13th century, is 
believed by Beckmann and some others to have been zinc. 

* Lib. V. * Deut. iv. 20. * Herod., ii. 125. 

® Russeira Egypt, p. 89. 

« See Stephauus De Urbibus, word Lacedaemon ; and Fabricii Bib. Grsec., vol. ii. 
p. 688 (Ano. Mineralogy, p. 59), 
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In speaking of iron, Pliny says : “ After copper comes iron, both the 
most useful and most fatal instrument of life. With iron, man delves the 
earth, plants trees, prunes his orchards, trims his vines, cutting off the 
older branches, and thereby throwing more vigour into the grapes ; by its 
aid man builds houses, cuts stone, and prepares a thousand other imple- 
ments ; but by it war, atrocity, and villainy are effected and rendered 
common.’’ ^ He also describes iron as occurring in almost every part of 
the known world, but particularly in the island of Elba, where the colour 
of the earth indicates the presence of the ore. 

Sulphide of antimony, called by the Greeks and by the 

Romans stibium, vras from tlio earliest times, and is still, used in the 
East for tinging the eyebrows, &c. 

Pliny’s description of stibium as candidop nitcnsque does not suit 
in all respects common sulphide of antimony. In preparing it as a paint, 
it is, according to Dioscorides, to bo enclosed in a lump of dough, and 
buried in coals until reduced to a cinder. After being extinguished with 
milk and wine, it is to be again placed upon coals and blowm upon until 
ignition takes place, but if burned longer it becomes lead.^ 

Pliny directs cow-dung to be used in the place of dough, but varies so 
entirely from the recipe of Pioscorides, that it is evident he had some 
other authority before him. Yet he likewise recommends moderation in 
burning as especially necessary, lest it should be converted into lead (ne 
plumbum fiat).^ The fair inference, therefore, is that the ancients occa- 
sionally saw antimony reduced to its metallic state, but failed to recognize 
it as a new metal 

PHYSICAL PROPERTIES OF METALS. 

The metals are a class of simple sub^^tances, possessed of a peculiar 
lustre, and having the property of conducting heat and electricity with faci- 
lity. But both in their chemical and physical ]»roperties they differ much 
from one another, and are con.sequently applicable to a great variety of uses. 

Coi^UR. — Most of the metals, wdien in a finely-divided state, are of a 
grey colour, but, w'hen consolidated and polished, approach more nearly 
to white. The colours of some of them are, however, veiy' decided : thus 
copper is red, gold is yellow, and lead blue. 

Alloys formed by the mixture of different metals usually possess to a 
certain extent the colours of the metals of which they are composed. 
Those resulting from the combination of two or nu»re grey or white 
metals will themselves be grey or wliite. But, if a coloured metal enter 
into its composition, the alloy will assume its colour in a marked degree, 
although, if the proportion of the coloured metal be small compared with 
the amount of that which is not coloured, this is not always apparent. 
In some cases, however, as in that of tlie alloys of gold and silver, a com- 

< Hift. Nftt. xxxiii, 14. ^ mgt. Nat. xxxiii. 3.3. 

* Diofcor., V. 99. •* Hist. Nat. xxxiii. 34. 
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paratively small amount of a white metal has the effect of destroying the 
colour of the other. 

Opacity and Lustre. — The metals possess a great degree of opacity, 
and arc remarkable for a peculiar lustre, known as metallic. All, how- 
ever, are not equally opaque, as gold, when reduced to extremely thin 
leaves, transmits rays of green light. Silver leaf of one hundred- thousandth 
of an inch in thickness is opaque ; but very thin leaves of an alloy of 
silver and gold appear of a blue colour when viewed by transmitted light. 
Iron in the thinnest electro films is transparent, as is also platinum. 

The lustre of metals is a consequence of their great power of reflecting 
light. When reduced to the state of powder, their peculiar metallic 
appearance disappears, but is immediately reproduced by rubbing with a 
burnisher, or any other hard and smooth substance. 

Hardness. — The metals differ from one another in no respect more 
than with regard to their liardness. Those which are jmre are usually 
less hard than their alloys, and some of them are so soft as to admit of 
being easily scratched with the nail, or even moulded between the fingers. 

The following table, arranged by Dumas, shows the relative degrees of 
hardness of some of the more common metals : — 


Titanium 

Manganese 

Platinum 

Palladium 

Copper 

Gold 

Silver 

Tellurium 

Bismuth 

Cadmium 

Tin 


I Harder than steel. 
\ 


Scratched by Calc 
SjMir. 


1 Chromium 
I Rhodium 
Nickel 
Cobalt 
Iron 

Antimony 

Zinc 

Lead 

. Potassium 
Sodium 


Mercury 


I Scratch Glass. 

Scratched by Glass. 

Scratched by the nail. 
I Soft as wax at 15*5° C. 

i Liquid at ordinary tem- 
peratures. 


Specific Gravity. —The specific gravities of the metals differ very 
widely, as among them we find some bodies more than twenty times 
heavier than water ; whilst others weigh less than their bulk of that 
liquid. 

Tlie principal metals, arranged according to their specific gravities, are 
given in the following table. Water = 1 ; temp. = Ib’S® C. (60° F.) : — 


Table op Specific Gravities.^ 


Platinum . 

. 21-50 

Cobalt 

. 8-54 

Uranium 

. 18-40 

Manganese . 

. 8 00 

Gold 

. 19-50 

Iron . 

. 7-79 

Tungsten . 

. 17-60 

Tin . 

. 7*29 

Mercury 

. 13 59 

Zinc . 

. 6 86— 7 T 

Palladium . 

11-30—11-80 

Antimony . 

. 6-80 

Lead 

. 11-45 

Tellurium . 

. 6-11 

Silver 

. 10-50 

Arsenic 

. .5-88 

Bismuth 

. 9-90 

Aluminium . 

. 2-56—2-67 

Copper 

. 8-96 1 

Magnesium . 

. 1*74 

Nickel 

. 8-50 

Sodium 

0-97 

Cadmium . 

. 8-70 

Potassium . 

. 0-86 

Molybdenum 

. 8-63 * 

Lithium 

. 0-59 


Fownes, ‘ Elementary Chemistry,’ 12th edit., p. 303. 
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Crystallization. — Most of the metals susceptible of direct use 
crystallize in the regular or cubic system, and among tliem gold, silver, 
and copper are commonly found in nature in cubes, octohedra, or other 
forms of this system. Tin is tetragonal or quadratic, and the closely allied 
elements, arsenic, antimony, bismuth, and tellurium are rhombohedraL 
Platinum is cubic, but some of its allied metals, such as osmium and 
iridium, are hexagonal. 

In order to crystallize a metal artificially, it is often sufficient to melt a 
few ounces in a crucible, and, having permitted it to cool on the surface, to 
pierce the crust thus formed and allow the metal in the interior to flow 
out. By this means very beautiful crystals of bismuth may be obtained ; 
but in the case of some of the less fusible metals larger masses and slower 
cooling are necessary to produce this effect, and consequently these are 
never found in a crystalline state unless considerable weights have been 
fused, and allowed gradually to cool, as sometimes occurs in the furnaces 
in which their metallurgical treatment is effected. 

It also frequently happens that one metal may be precipitated in a 
crystalline form by placing a strip of another metal in a solution of its 
salts. In tins way silver is deposited by mercury, and a piece of zinc 
placed in a solution of lead acetate precipitates the lead in feathery 
crystals. Gold is occasionally deposited in this form from ethereal solu- 
tions, and a stick of pliosjdiorus produces the same effect. Nearly all 
the metals yield crystals when depc^ited from their solutions by electric 
currents of feeble intensity, and it is probably to this action that we are 
indebted for many of tlie beautiful specimens of the native metals which 
enrich the cabinets of mineralogists. 

Malleability. — "When a piece of metal is struck by a hammer, it 
either flattens under the blow or splits with more or less facility into 
fragments. To the former property the name of malleahility is applied, 
whilst metals possessing the latter peculiarity are termed brittle. The 
malleable metals may be reduced into thin leaves eitlier by the hammer 
or by the flatting-mill. 

This consists of two metallic cylinders (A, B, fig. 1) placed horizon- 
tally one above the other. The&e, by means of cog-wheels, arc made to 
revolve in contrary directions, as shown by the arrows. 
The rollers are .so arrange<l in a frame as to admit of 
being placed, through the medium of strong screws, at 
any required distance from one another ; or, if necessary, 
of being brouglit into actual contact. To reduce a piece 
of metal ];y this means to tlie form of a tliin sheet, it 
should be first cast in the shape of a rectangular ingot, 
having nearly the same width as the required plate. One 
of its ends is then flattened into the sliape of a wedge so as to enter 
easily between the rollers, wliicli, on being set in motion, draw the metal 
in, and pass it through to the other side, reduced in thickness and pro- 
portionately elongated. By repeating this operation several times, and 


A 



B 


Fig. 1. 
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gradually reducing the distance between the two cylinders, sheets of 
almost any degree of thinness may be obtained. 

During this compression of the metals, their molecular structure 
gradually undergoes a change, and those which at first are soft and pass 
readily through the mill, soon become brittle and difficult to work. They 
then require to be softened by being heated to redness, and afterwards 
cooled. This process is called annealing. 

Gold is the most malleable of metals, and may be made into leaves 
of only i^ch in thickness, each grain of which will cover 

a surface of fifty-four square inches. The metals are arranged in the 
following list according to their malleability : ^ — 

1. Gold. 4. Tin. 7. Zinc. 

2. Silver. 6. Platinum. 8. Iron. 

8. Copper. 6. Lead. 9. Nickel. 

Ductility. — The above-named metals are also ductile, or capable of 
being drawn into wire, but do not possess this property in the same order 
as their malleability. Wire is manufactured by passing an elongated 
piece of metal through the progressively diminishing holes of a steel tool, 
called a draw-plate. By this means wires of almost any diameter may 
be obtained, as the metal takes the size of the last hole through 

which it has passed. Silver, for the ])urposesof embroidery, is frequently 
made into w'iros ^gj^th of an inch in diameter. A grain of gold may be 
drawn into a wire 550 feet long by enveloping the ingot operated upon 
in a coating of silver, and then passing it tlirough the draw-plate. The 
wire thus jiroduced will also be found covered with silver, and on removing 
this latter metal by nitric acid, an enclosed gold wire, of only 
an inch in diameter, will be obtained. 

The following metals are arranged according to their ductility : — 

]. Gold. 4. Iron. 7. Zinc. 

2. Silver. 5. Nickel. 8. Tin. 

3. Platinum. 6. Copper. 9. Lead. 

Tenacity. — The power possessed by different metals of sustaining 
weights is very variable, and influences in a great degree the uses to 
which tliey can bo n])plied. It is therefore important to ascertain by 
experiment their relative tenacities, and the various influences which 
affect them in this respect. For this purpose wires of equal lengths and 
diameters are sometimes employed. These are firmly suspended by one 
end, while to the other extremity weights are successively added until 
the rupture of the wire is effected. The weight which causes the wire to 
break necessarily represents the relative tenacity of the metal of which it 
is comjiosed, when compared with others similarly treated. 

The following table gives the approximate tensile strength, per square 
inch of section, of several of the more important metals : — 

^ ReguauU, * Cuurs Elemeutaire de Cliimie,* i. 412. 
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Antimony, cast 

Tent. 

. 0*47 

Bismuth „ 

. 1*45 

Copper, bolts . 

. 17*00 

„ cast . 

. 8*40 

„ sheet 

. 13*40 

,, wire . 

Gold .... 

. 26*00 

. 9*10 

Iron, cast, avei*age . 

. 7*30 


Toni. 

Iron, wrought, average . . *22*00 

Lead, cast 0 80 

„ sheet .... 1*60 

Silver 18*20 

Steel 62*00 

„ pistes .... 35*00 

Tin, cast 2*00 

Zinc 3*30 


Fusibility. — All the metals admit of l>eing liquefied by ilie appli- 
cation of heat ; but the temperature.s at which they melt are extremely 
various. Mercury retains its liquid form during the nio>t intense colds 
of our climate. Potassium and sodium fuse below the boilingqxunt of 
water. Tin melts at about 227"* C. ; lead at .*327)" C. ; and antimony 
below redness. Gold, silver, and copper require a red heat ; iron, nickel, 
and cobalt fuse at a white heat. Manganese and palladium are melte<l 
only by the strongest heat of a wind furnace ; chromium, molybdenum, 
and tungsten agglutinate but slightly when treated in the same way ; 
platinum, iridium, rhodium, titanium, Ac., yield only to a powerful 
voltaic current, or to the flame of the oxyhydrogen blowpipe. 


Table of Fcsibilitt of Metals.* 


Fusible 
below a 
red heat 


Infusible 
below a 
red heat 


Melting P4>ititM 




F. 

C. 

Mercury 


. - 39® 

- 39 44* 

Rubidium 


. +101*3 

+ 38*5 

Pota^'bium 


144*5 

62*5 

Sodium . 


2077 

97*6 

Lithium 


S.'ie 

180 

Tin 


44*2 

227*8 

, Cadmium 


about 442 

228 

N Bismuth 


497 

258 

Thallium 


561 

294 

Lead 


617 

325 

Tellurium 


. Rather less 

fusible than lea<l. 

Arsenic 


. I’^n known. 


Zinc 


. 773 

412 

Antimony 


. Just below redness. 

.Silver . 

' Cop|)er 


1,873 

1,023 


1,996 

1,091 

Gold . 


2,016 

1,102 

Cast-iron 

Pure iron ) 

Nickel 1 


2,786 

1,530 

Cobalt ] 

Manganese 
Palladium J 

^ Highest heat of forge. 



Molybdenum 
I^ranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
\ Tantalum 


Agglomerate, but do niit melt in forge. 


Infusible in ordinary blast-furnaces ; fusible 
by oxyhydrogen blowpipe. 


i Fuwoes, ‘ Manual of Elementary Chemistry,’ 12th cd., p. iKM. 
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Power of Conducting Heat, &a — Some of the metals transmit 
heat with much greater facility than others. In the following table the 
metals are arranged in the order of their decreasing conducting powers, 
and opposite to the name of each body is placed the approximate ratio of 
the facility witli which it transmits heat : — 


Kklativb Conductivity of Metals, &c.~ Silver = 100.^ 



At 12“ c. 


At 12* c. 

Silver . 

100*0 

Steel . 

11-6 

Copper 

73*6 

Lead . 

8*5 

Gold . 

53*2 

Platinum 

8*4 

Brass . 

23*6 

German silver 

6-3 

Tin . . . 

14*5 

Rose’s fusible metal 

2*8 

Iron . 

11*9 

Bismuth 

1*8 

Tlic conductivity of the varioms 

metals for electricity is 

approximately 

ill the same ratio as their capability of transmitting heat. 


Specific Heat.- 

—The amount of lieat required to raise 

equal weights 

of diireront metals 

from the same to another given temperature is very 

variable. Tims, if 

we express by 

1 the quantity necessary to raise a 

weight of water from O' C. to T C., that which must be su 

pplied in order 

to cdevate the same weight of the following metals to the same tempera- 

turo will be as below ,* — 



Iron . 

0*1138 

Cadmium . 

0*0567 

Fickel 

0*1086 

Tin . 

0 0562 

Cobalt 

0*1070 

Antimony . 

0*0508 

Zinc . 

0-0956 

Platinum . 

0*0311 

Copper 

0*0951 

1 Gold . 

0-0324 

Palladium . 

0 0593 

1 Lead . 

0 0314 

Siher 

0*o570 

1 Bismuth 

0*0308 

Dilatation uy 

Heat. — Metals 

crystallizing in the cubic system are 

expanded by lieat 

similarly in all 

directions, without regard to their 

structure ; but those occurring in rhombolietlral forms behave differently 


in this res}>ect, the elongation for a similar increment of heat being much 
more rapid j parallel to tlie j)rinci])al crystallographic axis than perpen- 


dicular thereto. 

Tile following table of the computed elongation of metals from 0” to 
100'' C., is due to the researches of Fizeau : — 

Gold, melted . . . 0’001451 ’ Aluminium .... 0*002336 

Silver „ . . . . 0*001036 Tin (compressed powder) . 0 002269 

Platinum 0*000916 j Zinc „ „ . . 0*00290.5 

Platiniridiuin (8,^ iridium) . 0*000890 , Cadmium „ „ . . 0*003102 

Palladium, annealed . . 0*001189 i Bismuth, parallel to principal 

Copper, native . . . 0*001708 ' axis 0*001642 

„ melted . . . 0*001698 Bismuth, i)erpendicular to 

Iron, soft malleable . . 0*001228 . principal axis . . . 0*001239 

Cast-steel, hard . . .0 001362 I Antimony, parallel to princi- 

„ „ soft . . . 0*001113 1 pal axis .... 0001683 

Cast-iron, grey . . . 0*001075 I Antimony, perpendicular to 

Lead, melted . . . 0*002948 1 principal axis . . . 0*000895 


Poggendorff’s Ann. b. 89, p. 407. 
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Volatility, — ^All metals are more or less volatile, although a certain 
number only admit of being readily converted into vapour even at the 
highest temperatures of our furnaces. Among the more volatile metals 
are — zinc, cadininin, mercury, arsenic, tellurium, potassium, and sodium. 
Several others have the property of communicating characteristic colours 
to flame, and are therefore evidently to a small extent volatile. 

Alloys. — The metals are generally capable of uniting with one 
another, and forming a class of compounds possessing more or less the 
properties of their several constituents. Alloys are usually more fusible 
and harder than the metals wliich enter into their com{)osition ; and as 
these properties may be regulated according to the relative amounts of 
the various metals employed, an infinite number of modifications may be 
obtained. Thus copper is malleable and ductile, but is soinewliat difficult 
to fuse, and for many purposes does not possess the requisite hardness. 
In many instances these defects may be obviated by the addition of 
zinc, which, without much impairing its malleability, renders it fusible, 
heightens its colour, and at the same time communicates to it a proper 
degree of hardness. 

By the addition of ten parts of tin to ninety of copper, an alloy known 
as gun-metal is obtained, which is also used, under the name of bronze, 
for bearings, statues, and various ornamental purposes. 

For printers’ type an alloy is recpiired at the same time liard and fusible, 
and which does not materially contract in cooling. Lead, which is a 
fusible metal, is evidently unfitted for this jnirpose by its softness, whilst 
antimony and bismuth are too liable to break under the pressure to which 
type is exposed in the operation of printing. By combining, however, 
antimony and lead, with 'lometiines a little zinc or tin, an alloy is produced 
which fulfils all these conditions, and furnishes a material well adapted 
for the purpose intended. 

It has been stated that, by alloying the metals, we obtain compounds 
possessed of very different ductility, malleability, hardn(^>>^, and Colour, 
from those belonging to tlic bodies whicli enter into their composition. 
Thus gold and lead, and gold and zinc, form brittle allov'^, and a luinuto 
quantity of arsenic added to copper renders it white and brittle. It is 
also to be observed tliut an alloy composed of two metals has seldom a 
density corresponding to tlie mean obtained, by calculation, from the 
relative amounts <ind sj>ecific gravities of its constituents. 

The following table from ThCnurd (Traite de Chimie, vol. i. p. 394) 
shows in what cases the specific gravity of the compound is superior, and 
when inferior to the mean of that of the combined metals. It is, how- 
ever, doubtful whether some of the mixtures specified should be regarded 
as alloys : — 
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Alloys poRfiessod of greater specific gravity 
than the mean of their components. 

Alloys having a specific gravity inferior to 
the mean ol their components. 

Gold and Zinc. 

Gold and Silver. 

„ Tin. 

„ Iron. 

„ Bismuth. 

„ Lead. 

„ Antimony. 

„ Copper, 

„ Cobalt. 

„ Iridium. 

Silver and Zinc. 

„ Nickel. 

„ Lead. 

Siher and Copper. 

» Tin. 

Chopper and Lead. 

„ Bismuth. 

Iron and Bismuth. 

„ Antimony. j 

1 „ Antimon 3 ^ 

Copper and Zinc, | 

„ Lead. 

„ Tin. ] 

1 Tin and Lead. 

„ Palladium. 1 

1 „ Palladium. 

„ BiRinuth. 

„ Antimony. 

„ Antimony. 

Nickel and Arsenic. 

Lead and Bismuth. 

Zinc and Antimony. 

„ Antimony. ' 

Platinum and Molybdenum. ^ 

Palladium and Bismuth. 


The action of acids on alloys varies according to the relative amounts 
of their constituents. Silver alloyed with a large quantity of gold is 
protected from the action of nitric acid, by which, under ordinary circum- 
stances, it is readily attacked. Sometimes, however, the reverse of this 
takes place, and metals which are totally insoluble in certain menstrua 
are made to dissolve in them by the addition of a metal on which they 
have the power of acting. In this way, platinum, although of itself in- 
soluble in nitric acid, may be dissolved by it when sufficiently alloyed 
with silver. Alloys consisting of two metals, the one easily oxidizable, 
the other possessing a less alfinity for oxygen, may be readily decom- 
posed by the combined action of lieat and air. In this case the former 
metal will be rai)idly converted into an oxide, excepting perhaps the last 
portions, which may in some degree bo protected from further action by 
the oxide already formed. Tlie increased afiinity for oxygen exhibited 
by the more oxidizable metal, in presence of another less affected by this 
agent, is probably an electrical phenomenon ; the action being in some 
cases so rapid as to produce combustion. This occurs when an alloy 
of three parts of lead and one of tin is strongly heated in contact with 
air. 

As the chemical properties of metals belong rather to the science of 
chemistry than to metallurgy, and as the limits of the present work do 
not admit of this subject being compiehensively treated, it has been 
thought proper, in this place, to omit it altogether. The study of metal- 
lurgy can, however, only be profitably undertaken by those possessing a 
competent knowledge of chemistry, which must be acquired by a care- 
ful study of good text-books, supplemented by a considerable amount of 
laboratory experience. 
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FUEL. 

Any substjince which admits of being rapidly oxidized or burned by 
atmospheric air, and evolves during that operation an amount of heat 
capable of being applied to economic purposes, is called a fuel. The 
elements that are so applied in metallurgy are carbon, liydrogen, sulphur, 
silicon, and phosphorus ; but as the applications of the three latter are 
only special, the term “fuel” is generally restricted to carbon and 
hydrogen, and their compounds; tlie natural gaseous, liquid and solid 
liydrocarbons ; wood, peat, and coal, with the artificial products, charcoal, 
coke, and sundry gaseous products susceptible of oxidation (furnace and 
producer gases) ; the fuel value of the latter being essentially due to 
carbonic oxide or carbon monoxide. In all fuels containing carbon, 
liydrogen, and oxygen, the proportion of hydrogen may be equal to or 
greater than that required to form water with the oxygen, but is never 
less. In such combinations only the hydrogen in excess is available 
as a source of heat ; so that in the combustion of a substance of which 
the composition may be regarded as carbon and water, tlic carbon alone 
is the source of heat. Indeed, in such cases the hydrogen is the cause of 
the loss of a considerable amount of otherwise available heat, since it 
may be viewed as existing in combination with oxygen in the state of 
water, which must be evaporated at the expense of a portion of the heat 
developed by the combustion of carbon. 

The products of the perfect oxidation or complete combustion of 
carbon and hydrogen are respectively carbon dioxide or carbonic acid 
(now commonly called carbonic anhydride) and wat(‘r; and these jiroducts 
are likewise obtained on the combustion of any hydrocarbon or carbo- 
hydrate. The amount of heat developed by the comjilete combustion 
of any elementary sub'^taiice in tlie same albitroju’e condition is jierfectly 
definite, and is the same wliether tlie combustion be eftected rapidly or 
otlierwi'-e. I»y the perfect or compleh* combustion of carbon is under- 
stood its conversion into carbonic anhydride ; wlien ajiplied to liydrogen 
these terms imjdy the degree of oxidation neces>ary to produce water. 
In the case of carbon perfect combustion results in the formation of its 
highest, and, at the same lime, most stalile oxide. With respect to 
liydrogen it is somewhat different; water is the most stable oxide of 
hydrogen, but it is not its highest oxide. Peroxide of liydrogen contains 
twice the amount of oxygiui that water does, but the affinity by wliicli 
the second atom of tliat element is retained is exceedingly feeble. 

The fiyrornetric degree, or inlnmin^ of iieat is perfectly distinct from 
and independent of the quantify of heat develo])od by combustion. The 
quantity of heat generated on the jierfect combustion of a given weight of 
one body may be much greater tliaii that produced by the coiiijilete com- 
bustion of a similar >veight of another body, but the intensity of the beat 
in the second case may far exceed that obtained in the first. All other 
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circumstances being the same, the intensity of the heat developed by the 
combustion of a given body will be directly proportionate to the rapidity 
of the operation or inversely as the time occupied in effecting it. The 
term calorific intensity is employed in contradistinction to calorific power^ 
which expresses the quantity of heat evolved by combustion. 

Calorific Power of Fuels. — Various methods have been employed 
for the purpose of measuring the relative amounts of heat evolved by the 
combustion of equal weights of different bodies ; and as this heat cannot 
be directly estimated, it must, in all cases, be determined in accordance 
with certain effects produced. Any effect of heat may be employed as a 
means of measuring its quantity by applying the principle tliat when two 
equal portions of the same substance, in the same state, are acted on by 
heat in the same way, so as to produce the same effect, the quantities of 
heat are equal It is first necessary to choose a standard of comparison, 
and to determine the effect of heat upon that body. We may thus choose 
a given weight of ice at the freezing-point as the standard, and we may 
define as the unit the quantity of heat which must be applied to this 
weight of ice to convert it into water, still at the freezing-point. By 
this system the quantity of heat is measured by the number of pounds, 
grammes, or other agreed weight of ice, at the freezing-point, which that 
quantity of heat would convert into water at the freezing-point. We may 
also employ a different system of measurement by defining a quantity of 
heat as measured by the weiglit of water at the boiling-point, which it 
would convert into steam of the same temperature. This metliod is often 
employed in practically determining the calorific value of fuels. 

Another method is to define as the unit that quantity of heat which, 
if applied to a unit mass of water, at some standard temperature, will 
raise that water one degree Centigrade. According to this method a 
quantity of heat is measured by the amount of water, at a standard 
temperature, wliich that amount of heat would raise one degree. The 
amount of heat required to raise one gramme of water from 0® to V C. 
is now generally adopted as tlie unit of heat or calorie} 

All that is assumed in these methods of measurement is, that if it 
takes a certain quantity of heat to produce a given effect on a de- 
fined weight of water, to produce the same effect on another similar 
weight of water will require an equal amount of heat ; or that twice the 
quantity of heat will be required for twice the quantity of water, and so 
on. It has been found that more heat is required to raise a given weiglit 
of water near the boiling-point one degree than at lower temperatures. 
If heat be measured according to either of the methods described, 
quantities of heat may be treated as mathematical values, and may be 
added, subtracted, <kc., as required. 

In the experiments of Rumford the apparatus employed consisted of 
a rectangular vessel of thin sheet-copper, enclosing a worm of three 
horizontal coils. This vessel was eight inches long, four and a half 

^ The British heat-unit is the amount necessary to raise 1 lb. of water 1^* Fahr. 

B 
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inches broad, and four and a half inches deep ; containing the worm made 
of flattened copper tube, one inch in breadth and half-an-inch in depth. 
The lower end of the worm was secured to a circular hole in the 
bottom, near one of the square ends, wdiile the other extremity issued 
vertically from the top of the vessel near its opposite extremity.' A 
funnel-shaped copper mouthpiece, one and a half inch diameter, was 
fitted to the lower opening of the worm, and a tube inserted in the 
top of the box received a thermometer, by means of which the mean 
temperature of the w^ater it contained could be determined. The sub- 
stance of which it was sought to ascertain the calorific value was burned 
beneath and wdthin the funnel-shaped mouth of tlie coil The resulting 
current of air, after communicating the heat developed to the worm, 
and thence to the surrounding water, finally escaped from the other 
extremity. In order to avoid loss of heat by radiation, the temperature 
of the water with 'which the vessel 'was filled was reduced, immediately 
before the commencement of the experiment, a few degrees below that of 
the surrounding atmosphere, and the combustion 'was continued until the 
temperature of the 'W'ator was raised exactly the same number of degrees 
above that of the air. It w’as estimated that in this way the vessel w'ould 
receive as much heat by conduction and radiation as it h)st during the 
experiment. In order to reduce as much as possible the loss of heat by 
conduction the apparatus 'was auj)ported on slender wooden pillars. To 
test the capability of the instrument to absorb tlie wdiole of tlie lieat 
developed by the combustion of the substance under examination, the 
resulting gaseous products were conducted through a second apparatus 
similar to the first, and were found not to augment tlie temperature of 
the water 'which it contained. 

The data required in order to determine the calorific value of a sub- 
stance by the use of this calorimeter are as follow : — 


Weight of substance consumed . . . . n 

„ water ...... w? 

„ copper c 

Specific heat of copper , . . . i 

Initial temperature of water . . . . t 

Final temperature of water . . . . 


In experiments of great preci‘'ion it would be necessary to make cor- 
rections for the gla.ss of the thermometer, <tc. ; but in the determinations 
of Rumford such extreme accuracy was not attemjited. In order to 
ascertain the weight of water which, in re.^'pect to absorption of heat, 
would be equivalent to the copper of wddeh the apjiaratus is made, its 
weight must be multiplied by the specific heat of copper. 

Let z represent the amount of heat produced hy the combustion of 
one part of any given body in atmospheric air ; the following formula 
will then express the calorific value of tliat body : — 

nz = (t' e) X (w + cs) 
ft' - t] X (io + r/) 

*. . 7 ? = ' 
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For example : — 

Let n = 20 parts by weight 
w = 17,600 
c = 2,000 „ 

i = 0*09515 

f - 13” 0. 

Then 

(13 - 4) X [17,500 + (2,000 x 0*09515)] , 

X — 2^ — 7,9o0 f 

is the calorific value of the body under examination. Lavoisier, Dulong, 
Desprctz, and Grassi have investigated the calorific values of various 
bodies, but more recent researches on this subject have been made by 
Favre and Silbermann and by Andrews. The apparatus employed by the 
later observers was, in principle, similar to that of Rumford, but was 
so constructed as to afford more accurate results ; and all necessary cor- 
rections %vere made in the various calculations. 

Calorific Power of Carbon . — The more recent experiments on carbon, 
ill the different states of diamond, graphite, and charcoal, have afforded 
results agreeing very closely with each other, and the discrepancy in the 
results of the earlier observers may be accounted for by their having 
been ignorant that the combustion of carbon, even in oxygen, always 
gives rise to the production of a certain amount of carbonic oxide. The 
incomplete oxidation of carbon, resulting in the production of carbonic 
oxide, is attended with the evolution of much less heat than is produced 
by its complete oxidation and conversion into carbonic anliydride. As, 
during the combustion of carbon, a certain amount of carbonic oxide is 
invariabl}” produced, it becomes iiecesj^ary to determine with accuracy 
the quantity of this gas resulting from each experiment. In order to 
do this, the products of combustion are fin^t passed through a solution of 
potash, by which the CO, is absorbed, and subsequently thron 2 :h a tube 
containing cupric oxide heated to redness. In this way the CO is con- 
verted into CO 2 , which is passed through another solution of potash and 
weighed. By these means not only the relation between the quantities 
of CO and COo may be determined, but the total amount of carbon 
consumed is also ascertained. From the mean results of a considerable 
number of experiments 8,080 has been decided on as the calorific power 
of carbon existing in the form of purified wood charcoal. 

Calorific Power of Carbon Monoxide . — In order to en«5ure the perfect 
combustion of carbonic oxide, or carbon monoxide, in the calorimeter, 
Favre and Silbermann found it necessary to mix it with one-third of its vol- 
ume of hydrogen. To ascertain in each experiment the relative proportion 
of the two gases, a portion of the mixture was passed over heated cupric 
oxide, and the COo and HoO produced estimated in the usual way. The 
mean of two experiments, after correction for hydrogen, gave 2,403 units 
of heat as the result of converting 1 gramme of CO into COu 

It follows that the amount of CO containing 1 gramme of carbon 
will evolve 5,607 units of heat by conversion into COjj. One gramme 
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of carbon is, however, found to evolve 8,080 units of heat in passing to 
the state of CO,. Therefore one gramme of carbon by conversion into 
CO, will evolve (8,080 - 5,607) == 2,473 units. It is remarkable that 
carbon in passing to the state of CO should evolve less tliaii one-third 
the heat developed by its conversion into CO^ This may probably be 
accounted for by the large amount of heat rendered latent on the passage 
of carbon from the solid to the gaseous state, in combining with the 
first atom of oxygen. 

Calorific Power of Hydrogen. — From the mean of six determinations 
Favre and Silbermann deduced 34,462 as the calorific power of hydrogen. 
In such experiments the weight of hydrogen consumed is calculated from 
that of the water collected. 

Beiihiei's Process fn' Estimating the Calorific Power of Fuels . — On 
the assumption of the correctness of Welter’s theory, that the heat 
evolved by coni})ustion is directly proportionate to the amount of oxygen 
consumed, Eerthier proposed to estimate the calorific power of fuels by 
burning them into CO^ by means of the ox^'gon contained in litharge, 
and to ascertain the amount of oxygen abstracted, from the weight of the 
button.s of lead produced. In the case of pure carbon, or fuel consisting 
of carbon without any mixture of other reducing agents, this process may 
be employed with advantage, and is capable jof affording approximately 
accurate results. Eut when disposable hydrogen is present, wliich is 
nearly always the case, even in coke and charcoal, the results obtained 
are no longer so satiafactorv. This will be evident from the following 
considerations. One part by 'weight of hydrogen will reduce the same 
amount of monoxide of lead as three parts by weight of carbon. The 
calorific powers of hydrogen and carbon are, however, respectively 34,462 
and 8,080, or, in round numbers, as 34 : 8. It consequently follows 
that the calorific power of 1 of hydrogen as compared with that of 3 of 
carbon i^ as 34 : 24 ; so that the weight of lead which would in the case 
of hydrogen represent a calorific power of 34, would in that of carl>ou 
be represented by 24, It is, therefore, evident that this process is in- 
applicable to the exact determination of the calorific powers of fuels con- 
taining variable quantities of carbon and hydrogen. As, how’ever, hydro- 
gen in excess of the quantity required to form water 'will alone have any 
reducing influence on oxide of lead, the amount of error is less than 
might be anticipated. Calculations based on Welter’s theory, made on 
results obtained by Eerthier’s method, cannot afford absolutely correct 
results ; but they deviate so little from the truth that this method, owing 
to its simplicity, is still in use, and is of considerable ])ractical value. 
The results are never more than one-ninth smaller than those found by 
calculation on an analysis of the fuel, and the richer in carbon the sul>- 
stance is, and tlie less CO that has, through a careful execution of the 
assay, been formed during the experiment, the more nearly will they 
approximate to the truth. 

Eerthier^s process consists in heating a known weight of the substance 
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in line powder, intimately mixed with a large excess of litharge, which, 
being de-oxidized by the combustible constituents of the fuel, yields a 
weight of lead proportionate to the quantity of those substances present. 
Every atom of oxygen abstracted from litharge will necessarily give rise 
to the reduction of an atom of metallic lead, and, consequently, a tole- 
rably accurate measure of the relative heating values of different kinds 
of fuel is obtained by weighing the buttons of lead, produced under 
perfectly similar conditions. 


Table of Calorific Powers. 


1 

( One Gramme of each Substance 

1 burnt. 

Supportei 
of Com- 
bustion. 

Product 
of Com- 
bustion. 

Numl^rof ^ 

Grammes of ' ... _ 

Waterheatedl Ob^eiveis. 

rc. ! 

1 

Diamond . 


Oxygen 

CO. 

7,770 

FavreaudSilberinann. ! 

Graphite, native 


>1 

7,811*5 

II II t 

„ artificial 


»» 

II 

7,787 5 

II If 

Carbon from gas retort 


»» 

II 

8,047*3 

♦1 II 

Charcoal from wood . 



If 

8,080 

II II 

1 »i »i • 


ft 

II 

7,900 

Andrews. 

»» >» 


»* 

CO 

2,227 


»» 


If 

»» 

2,473 

Favreand Silberrnann. 

Carbonic oxide . 



COj 

2,4027 

If II 

Hydrogen gas . 


1 

If 

HaO 

34,462 

II II 



II 

11 ' 

33,808 

Andrews. 

Sulphur, native . 


II 

SO 2 ; 

2,220*9 

Favre and Silberrnann. 

1 „ hiibliined 


II i 


2,307 

Andrews. 

Phosphorus 


II 

1 

PaO, 

5,747 

11 

^ Zinc .... 


II 

ZnU { 

1,301 i 

If 

Iron .... 


II 

FejOj , 

4,134 1 

If 

Silicon 

1 


II 

SiOj 

7,830 1 

} Troost & Hautefeuille. 


The following table gives Ruiuford’s results as obtained by his water 
calorimeter : — 


Olio i)ound of tho following kinds of Wood, 
when bui at, will hunt 


1 . 


2 . 

3. 

4. 


Limetree wood. 

Dry wood, 4 years old . 

„ „ slightly dried 

„ „ strongly dried . 

Beech wOvmI. 

Dry wood, 4 or 5 years old . 

„ „ strongly dried , 

Elm wood. 

Wood dried, 4 of 5 years old 
,, strongly dried 
,, dried brown . 

Oak wood. 

Common firewood, in small shavings 

The same, in thicker shavings . 

„ in thicker shavings . 

„ dried in the air 

Very dry wood, in thin shavings 
„ ,, thicker „ 


Pounds of Water 
irom 0" to 100“ C. 


34707 

38*833 

40*131 

33798 

36*47o 

30*205 

34*083 

30*900 

26*272 
25*590 
24*748 
29 210 
29 838 
26*227 
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One pound of the following kinds of Wood, Pounds of Water 

when burnt, will heat fiom 0* to 100* C. 

5. Ash wood. 

Common dry wood 
The same, dried in air, shavings 
,, shavings dried in an oven 

6. Sycamore wood. 

Strongly dried in an oven . 

7. Wotxl of Mountain Ash. 

Strongly dried in an oven . 

Dried brown .... 

8. "Wood of Bird Cherry. 

Dried wcwnl ..... 

Strongly dried in an oven . 

Dried brown .... 

9. Fir wooil (Deal). 

Ordinal-}’ dry wood 

Well dried in the air, shavings 

„ „ in an oven, shaving-. 

„ „ brown, in shavings 

,, „ in thick shavings 

10. Poplar wood. 

Wood dried in the ordinary manner 
„ .‘-troiigly dried in an oven 

11. Hornbeam. 

Dried wimkI (ordinary) . 

The table on next page, from the Keport on Coals suited to the 
Steam Navy, by lie la Beche and Playfair, shows the eilects produced by 
several varietie.s of coal, when burnt, in a well-constructed steam boiler, 
as well as those theoretically possible; tog(*ther with the ridation existing 
between the calorific values of tlieir several constituents. 

Calorific IxTE.NsiTV ofITel. — B y the pyrometric heating po%ver, or 
calorific iiiten.'-ity, of a fuel, is understood the degree of temperature 
which may be obtained ])y it.s complete combustion in atmospheric air. 
This depend.^ not only on its composition, but on various other circum- 
stances, such as the l>urity, dryne>s, and temiierature of the air employed 
as a su{)porter of combustion ; the extent of the area of contact which 
the fuel offers to the air in a unit of time ; the greater or le.ss prcs.sure 
under which the combu.stion takes jdace ; the nature of tlie jiroducts ; 
and the eircum^taiices under wliich they are formed, &c., A’c. Loss of 
heat from conduction and radiation hkewise exerts a considerable in- 
fluence on the practical results. It is, tlienifore, evident that to bo 
enabled to calculate the calorific intmsity of a fuel from its ultimate 
composition and the calorific jiower of its constituents, it will not only be 
necessary to take into consideration the nature of the resulting products, 
but also to introduce a number of factors, wliicb coiuplicate the fomiuloe, 
and which must, without care, become sou.’ces of error. 

Various methods have been devised for the measurement of very 
elevated temperatures, but the indications of the earlier pyrometers 
having been found inaccurate, they have generally fallen into disuse. A 
method of measuring higli temperatures, wliich may sometimes be found 
convenient, has been invented by Bystibm. It consists in exposing a 
ball of platinum of a given w^eight to the action of the heat to ho 


30*666 

83*720 

85*449 

36117 

36*130 

82*337 

33*339 

36*904 

34*736 

30*33*2 
84*000 
37*379 
83*358 
28 695 

34*601 

87*161 

31*704 
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measured, and then rapidly transferring it, through an inclined clay 
tube, to a vessel containing an ascertained weight of water of known 
temperature. From the increase of temperature experienced by the water 
is calculated the calorific intensity to be measured. Thus, if a ball of 
platinum weigh 100 grammes, and the water 200 grammes, the tempera- 
ture being 15*5® C., and the heated platinum, when dropped into the 



1 Number 
of lbs. of 
Water 
convert- 
ible into 

Number 
of lbs. of 
Water 
convert- 
ible into 

Number 
of lbs. of 
Water 
convert- 
ible into 

Total 
number of 
lbs. of 1 
Water con- 
vertible 
into Steam 
from 100’ 
C. , by 1 lb. 
of CoaL 

Theoreti- 

cal. 

Actual 
! number of 

1 lbs. of 
IWater con- 

Percent- 


steam 

Steam 

Steam 

1 verted 

age of 

Locality. 

from 

from 100“ 

from 100“ 

(into Steam 

Cuke left 


C , by the 
Coke lett 

0., by the 
carbon 

C., by the 
liydrogen 

1 from 100“ 
,C , by 1 lb. 

by each 
CoaL 

! 

! by Coal. 

Theoreti- 

cal. 

of CoaL 

Theoreti- 

cal. 

of CoaL 

Theoreti- 

cal. 

1 of Coal. 

1 Practical. 

1 


Welsh Coals, 
Graigola . 

11*301 

11*660 

1*903 

13*563 

( 

9*35 

85*5 

Anthracite (Jones and 
Aubrey) . . . I 

1 12*554 

12*563 

2*030 

14*593 

! 9*46 

92*9 

Old Castle Firey Vein 

10*601 

12 046 

2*890 

14*936 

8*94 

79*8 

Ward’s Firey Vein . 


12*072 1 

2*542 

14*614 

1 9*40 

if 

Bmea 

11*560 

12*181 

2*912 

15*093 

j 9*94 

88*10 

Llangennech 

! 10*599 

10*741 

2*519 

14*260 

8*86 

83*69 

Pentrefelin 

10*841 

11*749 

2*038 

13*787 

6*36 

85*0 

Powell’s Duffryn 

11*134 

12*126 

2*966 

15*092 

10*15 

84*3 

Mynydd Newydd 

9*831 

11*463 

3*441 

14*904 

9*52 i 

74*8 

Three • Quarter Rock 
Vein . . . 

7*081 

10 325 

2*781 

13*106 

8 84 

62*5 

Cwm Frood Rock Vein 

8 628 

11*300 

3*488 

14*788 

8*70 

68*8 

Cwm Nanty Gros 

8*243 

10*767 

3*165 

13*932 

8*42 

65*6 

Resolven , 

10*234 

10*899 

3 072 

13*971 

9*53 

83*9 

Pontypool . . . 1 

1 8*144 

11*088 

3*207 

14*295 

7*47 

64*8 

Bedwas . . . ' 

8*897 

11*075 

3*766 

14*841 

9*79 

71*7 

Ebbw Vale 

10*441 

12*335 

3 300 

15*6*35 

10*21 

77*5 

Porthmawr, Rock Vein > 

6*647 

10*263 

2*548 

12*811 

7*53 

63*1 

Coleshill . . . ^ 

6*468 

10*145 

2*654 

12*799 

8*00 

56*0 

Scotch Coals. 
Dalkeith Jewel Seam 

6*239 

10 242 

2*071 

12*313 

7*08 

49*8 

Dalkeith Coronation 
Seam 

6*924 

10*570 

i 2*202 

12 772 

7*71 

53*5 

Elgin Wallsend . 

6*560 

10*454 

2 968 

13*422 

8*46 

68*45 

Fordel Splint 

6*560 

10 933 

1 2*884 

13*817 

7*56 

52*03 

Grangemoutli 

7 *‘292 

i 10*970 

2 722 

13*692 

7*40 

56*6 

Enylish. 
Broomhill . 

: 7*711 

11*225 

3*638 

14*863 

7*30 

59 2 

Irish, 

Slievardagh (Anthra- 
cite) 

10*895 

10*995 

1*487 

12*482 

9*85 

90*1 

water, raises its temperature to 32*2“ 

C., then 32*2“ 

- 15*5“ 

= 16-7°, 


which multiplied by 2 (tlie weight of water being twice that of plati- 
num) gives 33*4“ as the temj)erature to which a weight of water equal 
to that of the platinum would have been elevated. In order to ascer- 
tain the temperature to which the platinum has been exposed, this 
must be multiplied by 32*1, the specific heat of water as compared 
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with platinum ; that of the latter being represented by 1. Therefore, 
33*4* X 32*1* = 1,072*14" C, which will be the temperature required. 
When, however, it becomes necessary to determine the temperature of 
the interior of a furnace, it is impossible to transfer the substance heated 
to the w*ater in which it has to be cooled without the loss of a certain 
amount of heat ; and the result obtained must consequently be to some 
extent incorrect. The electric pyrometer of Siemens, which depends in 
its action on the influence of heat on the conductivity of a platinum 
wire, and that employed by Schinz, which is a modification of the 
thermo-electric pyrometer of llecquerel, are said to afford satisfactory 
results. A description of these instruments would, however, occupy 
more space than the limits of the present work will allow, and, con- 
sequently, those who feel specially interested in the subject of the 
tem[>eratures of blast-furnaces, and in the chemical and other conditions 
influencing the combustion of fuels therein, will do well to consult the 
works of Schinz and Bell, which are valuable additions to the literature 
of this branch of metallurgical investigation.' 

Wlien calcium carbonate is heated in a clos3d vessel from which the 
air has been carefully exhausted, an atmosphere of carbonic anhydride is 
produced by the dissociation of the constituents of the mineral ; and it 
has been stated tliat the density of this atmospliere varies witli its tem- 
perature in accordance with the law regulating the ten>ion of aqueous 
vapour at low temperatures. 

Although the accumey (»f this statement has been denied, Lamy has 
made use of lliis principle in the construction of his pyrometer, 'which 
consists of a closed vessel exhausted of air, and containing calcium 
carbonate. To thi* vessel a manometer is attached, so that the pressure 
of the carbonic anlndiide witliin maybe read off and the teinj)erature 
calculated therefrom in accordance with the above law. In order to be 
enabled to make the required calculation it is necessary tliat tlie pressure 
exerted by the carbonic anhydride at two or three known temj)eratures 
should have been jireviously ascertained. 

The tenus ordinarily employed to indicate high temperatures, such as 
red heat, white heat, Ac., are very indefinite, since in judging of tempera- 
ture by the eye, much mu&t depend on the observer, and on the condi- 
tions with regard to light under whicli the observations may be made. 

Pouillet, who examined high <legrees of t(*mperature by means of an 
air tliermometer provided with a jdatinum bulb, arrived at tlie following 
results : — 

Incipient red corresponds to .025' C. Deep orange . 1,100® C. 

Dull red .... 700® Clear on. nge . 1,200“ 

Incipient cherry-red . 800® i White . . 1,300® 

Cherry-red . . . 900® [ Bright white . 1,400® 

Clear cherry-red . . 1,000® Dazzling white 1,500® to 1,600® 

* ^Reiearches on the Action of the Blast-Furnace,* by C. Schinz; translated by 
William H. Maw and Moritz Miiller. Spon. * Chemical Phenomena of Iron-Smelt- 
ing,* by I. Lowthian BelL Spon. 
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Analysis of Fuels, &c. 

Fuels wliich possess the highest calorific powers are not in all cases 
to be selected for practical purposes, as they may be subject to disadvan- 
tages which more than counterbalance this property. It is, therefore, 
necessary to ascertain by experiment what are the peculiar characteristics 
of each, so as to be enabled to select from among a number, such as may 
be most economically employed for the particular purposes to which they 
are to be applied. 

Estimation of Abii. — If the substance to be examined be a wood, 
it sliould be first reduced to fine powder by means of a rasp, or if it 
be friable, such as charcoal, pit-coal, or coke, it may be pounded in an 
iron mortar. 

A weighed portion (about 1 gramme) of the finely divided fuel, after 
liaving been passed through a sieve, is placed either in a platinum 
or porcelain crucible, and ignited over a gas-flame, until the whole of 
the combustible matter is consumed. The residue is subsequently 
w’eighed, and from the amount left the percentage of incombustible 
matter present is estimated. In making this experiment, much time 
will be saved by placing the crucible a little on one side, and partially 
covering its mouth with the lid, for the purpose of directing a current of 
air on the burning body. When the substance to be examined is a 
caking coal, it is found advantageous not to break the crust of coke which 
is fiist formed, but to allow the mass gradually to consume from the 
exterior. If this bo not attended to, and it should contain much ash, 
small portions of the fuel are frequently protected by a coating of 
earthy matter, and escape complete combustion. In tlie case of coke it 
is sometimes extremely diflicult to consume the last portions of carbon, 
but this may always be ellected either by exposing the crucible and its 
contents in an assay muffle, or by subjecting the substance, at a red heat, 
to the action of oxygen gas. 

The latter process is accomplished by placing a known weight of 
pulverized coke in a porcelain crucible over a lamp, and when, from the 
accumulation of ash, the combustion becomes sluggish, the vessel is 
closed by a cover having a liole through its centre, and through this a 
current of oxygen is conducted by a suitable tube, from a gas-holder in 
which it is contained. Tlie amount employed is regulated by a stop- 
cock, and too rapid action is esj)ecially to be avoided. 

Hygrometric Water. — The amount of water present is estimated by 
drying a known quantity of the substance in a water or air bath, heated 
to 100” C., until it ceases to lose W(*ight. In accurate determinations, 
all experiments sliould be rej)eated at least twice, as perfect reliance 
can never bo placed in results when this precaution has not been 
attended to. 

Sulphur. — The sulphur contained in a fuel is determined by the 
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following process. The substance to be examined is intimately mixed 
with twice its weight of pure magnesium carbonate, and placed in 
a bulb blown in the middle of a tube of hard glass. This is heated 
either by a spirit-lamp or gas-flame, at the same time that a continuous 
current of oxygen gas is passed through it from an apparatus attached 
for that purpose. When the whole of the carbonaceous matter has been 
completely consumed, which is easily perceived by the whiteness of the 
mixture, the jwwder is thrown on a filter, and the soluble magnesium 
sulphate waslied through. The sulphuric acid in the filtrate, rendered 
acid by HCl, is then thrown dowui by barium cliloride, and from the 
weight of sulphate of barium obtained, the p(n*centage amount of sulphur 
present is deduced. 

Calcium carbonate may be employed for this purpose instead of the 
corresponding salt of magnesium, but as calcium sulphate is less soluble 
than sulphate of magnesium, the washing on the filter requires to 
be prolonged, and a longer time is necessary for the completion of this 
operation than for that above described. 

The sulphur may be more rapidly, but perhaps less correctly, esti- 
mated by igniting in a platinum crucible a mixture of the substance to 
be examined with three times its weight of nitre and four titnes that 
quantity of pure sodium carbonate. When this method is employed, 
the fused mass which remains in the crucible is first dissolved in water, 
and, after being filtered, is rendered acid by the adilition of (uther nitric 
or hydrochloric acid. The filtrate is then treated with a sufticient amount 
of barium chloride as above described. 

A paper was read by F. Grace -Calvert at the Kdiiihurgh meeting 
(1871) of the British Association for the Advancement of Science, on tho 
estimation of sulphur in coal and coke. The sulphur found in coal or 
coke often exists in two .«:tates, partly as suljdiuric acid in sul])hate of 
calcium, and partly as sulphur comhined with iron.^ Tlie j>ortioii existing 
as sulphate of calcium does not injure the quality of iron wlicn used in 
the production of that metal, as it remains a^^ociated with calcium ; 
whilst tlie portion exi&ting as sulphide of iron greatly deteriorates tin*- 
commercial value of the fuel. To determine the amount of sulpliur in the 
former state, the author proposes to boil the pulverized coke or coal in a 
solution of sodium carbonate, wliich decompos(*s tlie calcium .sulpliatc or 
calcium sulphide, and .suljdiur i.s estimated in tlio solution. In tlie 
residue from the above operation i.s found tlie sulphur combined with 
iron. After attacking with aqua regia, the author treat.s with carlK)nate 
of sodium and heats to near the fusing point. By this means there can 
be no formation of insoluhhi basic sulphate of iron, and the prevention of 
precipitation by a salt of barium, stated to occur in liquids containing 
free nitric acid, is avoided. 

Carbon and Hydrogen. — Tiicse constituents are estimated according 
to methods employed for tlie analysis of organic substances ; but the best 
1 Sulphur ftlio, doubtlcai, occurs in combination with the organic elements of cool. 
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results are obtained when a quantity of matter not exceeding half a 
gramme is operated on. Experience also shows that the combustion of 
fuels is more completely effected by cupric oxide than when lead chromate 
is employed, and that whenever the substance burns with difficulty, 
as in tlie case of coal, and more particularly of anthracite, it is 
necessary, not only to use a long combustion-tube, but also a certain 
portion of dry chlorate of i>otassium, which, after being mixed with cupric 
oxide, is placed at tlie sealed end of tlie tube, so as to give off oxygen 
towards the close of tlie ojieration. Instead of using chlorate of potas- 
sium, oxygen from a gas-holder may be passed through the tube. 

Nithogen. — The amount of nitrogen contained in a fuel cannot be 
considered of much practical importance, and it may therefore, in most 
instances, be included with the oxygen : if necessary, however, it can be 
estimated as ammonia by the method of Will and Varrentrapp. 

Oxygen. — Tliis element is invariably estimated by the loss on 
analysis. 

Dr. Percy calls attention, as follows, to certain sources of error in 
analyses of coal “When coal contains much inorganic matter, especially 
iron pyrites, the usual method of calculating its composition, from the 
data obtained in the process of organic analysis, may be erroneous in a 
sensible degree. The ashes left by incineration are estimated as inor- 
ganic matter, and the proportion of oxygen is found by subtracting the 
sum of the carbon, hydrogen, nitrogen, and ashes, from the amount of dry 
coal subjected to analysis. ]>y incineration the iron of the pyrites is con- 
verted into sesquioxide, and the sulphur, in a greater or less degree, into 
suli)huric acid, which may remain in combination with any base in thii 
ashes, such as lime, capable of forming a sulphate not decomposable 
at a red heat. Suj)posing the whole of the sulphuric acid to be thus 
retained in the aslics, for 1 ]mrt by weight of iron ])yrites there would 
be an increase of 1 part by weight, due to oxj^gen derived from the air 
during incineration. The whole amount of this error, provided no 
correction be made, would fall upon the oxygen. It is not asserted that 
the whole of the sulphur is actually converted into sulphuric acid and 
retained in the ashes ; but that a considerable portion of a stable sulphate 
may be produced during incineration will appear from analyses of coal in 
the se<iuel. It is cei’tain that the alumina in the ashes must, either 
wholly or in great measure, exist in combination with silica as clay, but 
clay holds water in combination which cannot be expelled except at a 
temperature far more than sufficient to decomj)Ose coal. Hence, during 
the process of organic analysis, water may be evolved from the clay 
present in coal and coal ashes, and so occasion an error of excess in the 
determination of the hydrogen. This source of error has been pointed 
out by Kegnault. Carbonate of lime is sometimes present in coal in very 
appreciable quantity, in which case carbonic acid would be evolved dur- 
ing the analysis, and so an error of excess would be caused in the deter- 
1 Percy’s ‘Metallurgy;’ Fuel, p. 301. 
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iiiination of the carbon. M. de Marsilly has observed, that however pure 
a piece of coal may be, and however homogeneous it may appear to the 
eye, its different parts do not yield the same proportion of fixed residue 
by incineration ; and the same is true in respect to the proportion of coke 
obtained by the calcination of different fragments of the same lump of 
coal. Hence, in every case, the proportion of ash and coke should be 
determined by oj>erating upon an average sample taken from the powder 
of a considerable quantity of the coal.” 

Litharge Experiments. — In some cases, the calorific value of fuels 
may be ascertained with sufficient accuracy without liaving recourse to an 
elaborate analytical examination, and for this purpose tlie process employed 
by Berthier is the most simple. 

The weight of substance operated on may be about half a gramme, 
and great care should be taken to obtain it in the finest possible state of 
division. If the substance be brittle, such as coal, coke, or charcoal, it is 
easily ixmnded in a mortar, and afterwards sifted ; but if it be a variety 
of w’ood w’hich is to be experimented on, the dust obtained by cutting it 
with a fine file should be employed. This should, according to its sup- 
posed richnes.*!, be intimately mixed with about 25 grammes of litharge, 
and placed in an earthen a.ssay crucible. On this is placed from 14 to 
15 grammes of pure litliarge, and after the whole has been shaken dowui, 
the crucible ought not to be more than half full, in order to allow sufficient 
space for the intumescence of the mixture w’hen in a semi-fluid state. 
The crucible is now stopped by a cover, which is luted with fire-clay for 
the purjK)se of preventing reducing ga.ses from the fire, or fragments 
of coke, from vitiating the result ; and the wdiole is placed in an assay 
furnace already lighted, in which there is a sujqdy of hot coke. Here it 
is gently heated during about fifteen minutes, at the expiration of which 
time the contents will be in a state of tranquil fusion. Tlie crucible is 
now to be covered w’ith coke, and the draught increased by means of the 
damper, in order to cause the whole of the reduced lead to collect in 
a button at the bottom. Care should likewi.se be taken to prevent 
any loss of metal by volatilization, and a moderate t(‘mj)erature only 
should consequently be employed. Thi.s collection of the metal wdll 
usually Ije effected in about ten minute*^, and the crucible is then with- 
drawn from the fire and slightly tap})ed against some hard body, to throw 
down any globules w’hich may still remain su.spended in the fused litharge. 
After being allowed to get cold, the cmcible i.s broken and the button 
of lead extracted, and from its w^eiglit is estimated the calorific value 
of the fuel If the operation has been j.roperly conducted, the lead 
separates easily both from the crucible and from the melted litharge ; 
but in case of anything adhering to it, its removal is readily effected by 
first hammering the button on an anvil, and afterwards brushing off the 
small particles sticking to it with a hard brush. The results thus 
obtained from different experiments on the same substance will be 
found to agree closely witli one another. On comparing, however, the 
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calorific value of a fuel, os obtained by the litharge process, with that 
calculated from its ultimate analysis, the former is sometimes found to 
be as much as one-ninth less than that obtained by the latter method. 
This jirocess, therefore, although not admitting of great accuracy, is 
sufficiently exact for many practical purposes. 

The exactitude of such determinations is sometimes also slightly in- 
fluenced by the presence of iron pyrites and proto&ulphide of iron, both 
of which exercise a reducing influence on litharge similar to that pro- 
duced by carbon and hydrogen. When heated with this substance, the 
sulphur escapes in the form of sulphurous anhydride, whilst the iron 
with which it was combined remains with the litharge in the state of 
oxide. These reactions determine the reduction of a certain quantity of 
metallic lead, wliich interferes with the experiments, and, to a certain 
degree, vitiates the result. 

With few exceptions the operations employed for the extraction of 
metals from their ores require the aid of elevated temperatures, and con- 
sequently it is iini)ortant that the metallurgist should be acquainted with 
the properties of tlie various kinds of fuel, and be enabled to judge under 
what conditions each may be most economically employed. 

Wood. 

Wood consists essentially of organic tissue composed of carbon, 
hydrogen, and oxygen, with a minute quantity of nitrogen, and a small 
proportion of inorganic matter. In its ordinary state it contains largo 
quantities of water, whicli may be completely expelled at a temperature 
considerably below that at wliich decomposition of the organic matter 
would take ])lac(\ 

The elementary composition of the tissue of all wood is tlie same, 
althougli various organic compounds with which it is associated may be 
very different in trees of different species, e g,, fir trees contain turpen- 
tine and oaks tannin. Tlie value of wood as a fuel is almost entirely due 
to its vascular tissue, since the associated organic compounds are usually 
too small in quantity to afford calorific effects of any practical importance. 

The proportion of water differs in various kinds of woods, and is also 
considerably affected by the season of the year at which the different 
specimens may have been felled. When trees are cut during the winter 
months, and therefore not in a state of active vegetation, the amount is 
found to be less than if fcdled in summer when full of sap ; and conse- 
quently all woods (unless there be some special reason for not doing so) 
should be cut during the colder portions of the year. 

Some kinds of trees are cultivated, not only for the timber which 
they yield, but also on account of the tannin contained in their bark ; 
and such species are usually cut during the flow of the sap, as they are 
at that time more easily barked, and likewise contain a larger proportion 
of the material for the sake of ^vhich their bark is collected. 
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Small shoots and twifi^s yield a larger percentage of water than the 
more solid stem ; the difference is also very considerable in woods of dif- 
ferent botanical species, as may be observed by inspection of the following 
numbers given by Schiibler and Hartig. 

One hundred parts of freshly cut wood from the 


Water. Water. 

Hornbeam {Carpinus hettdus) con- ' White Fir {Pimis nines) contain . 37 ’1 

tain 18*6 Pine {Ptnus sylvestris) . . .39*7 

Willow {Snlix enprea) . . . 26 0 Beech {Fagus sylvatica) . . 39 7 

^y,CB,moTid {Acer pseudoplatanus) . 27*0 AKiev {Betula alnns) . . . 41'6 

Mountain Ash a «CM 7 )ar in) . 28*3 Avpew {Populus trcmula) . .43*7 

A^h {Traxinus excelsior) , . 28 7 Elm (7 Vmu^ rompea^rM) . .44*6 

Birch a/6a; . . . 80*8 Silver Fir (Pin ;>ire<3) . . 45*2 

Wild Service Tree /orw I- "Lime Tree {Tilia curopcca) . . 47*1 

nalis) 32*3 Italian Poplar f/t/atoto) . 48*2 

OaV {Quercus robur) . . .34*7 iMcch {Pinus larix) . . . 48*6 

Pedicle Oak (Q- pedunculata) . 36 4 White Poplar {Popuhis alba) . 60*6 

Horse-chestnut A Black Poplar niyra) . 61*8 

tanum] 38*2 


It follows that recently cut w'ood contains from one-fiftli to one half 
its weight of water, which not only detracts from its value as a fuel in 
the same proportion, but, from its escaping in the form of vajiour, mu'Jt, 
moreover, carry off a portion of the heat developed by the combustion of 
the other constituents. 

By exposure to the air green wood soon loses part of its water, but 
after a time ceases to diminish in ^veight, a sort of equilibrium being 
established between the hygroscopic power of the air and that of the 
wood. When this occurs, no further drying is effected by continued e.x- 
posure, and its percentage of w*ater will vary only within very narrow 
limits, dependent on the dryness or humidity of the situation in which 
it may be placed. 

In this state wood is said to be air-dried, and the remaining portions 
of moi&ture can only be exjielled by the aid of heat, the last traces being 
eliminated with extreme difficulty. 

Ruriiford, who heated specimen.s of various kinds of air dried woods 
at a temperature of 136*" C. until they ceased to lose wcMght, obtained 
the following result^ : — ■ 

One hundred parts of 

Oak wood lost . . . 16*64 Fir uood lost . . . 17*63 

Kim 18*20 Birch .... 19*38 

Beech .... 18*66 Lime .... 18*79 

Maple . . . .18 63 Poplar .... 19*66 

Generally speaking, the wood employed for fuel is never thoroughly 
dried, but retains from 15 to 25 per cent, of water, so that the driest 
specimens seldom contain more than 85 per cent, of combustible matter. 
Wood kept in a warm room for six months still retains, according to 
W'inkler, about 17 per cent, of water. Woods are usually divided into 
two classes — hard and soft This distinction is founded on their calorific 
properties and on the facility with wliich they can be worked by edge tools. 
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The former, among which are numbered oak, beech, white and red 
birch, and elm, contain in the same bulk a larger proportion of fibre, and 
have their vessels more closely packed, than those of the softer varieties, 
such as pine, fir, larch, lime, willow, and the various kinds of poplar. 

Trees which have grown in poor land and in exposed situations, are 
supposed to produce harder and denser wood than individuals of the 
same kind which have been planted in more sheltered localities and in 
richer soils. The specific gravity of wood depends in a great measure on 
its structure ; but as two specimens of the same tree are never found 
perfectly homogeneous, the results obtained by experiment should rather 
be considered as approximate than as representing the true density of 
the wood examined. These variations of specific gravity will also be 
influenced, to a certain extent, by the nature of the soil in which the tree 
has grown, as on this will depend, in a great measure, the quantity and 
character of the salts it contains. 

From the air enclosed in their cavities, woods are in their ordinary 
state generally lighter than the same bulk of water ; but when reduced 
to tlie state of tine powder, even the softest varieties are found to possess 
a greater density than that liquid. By thus destroying the pores and 
liberating the enclosed air, the specific gravity of the following woods has 
been found to be — 

Oak 1-27 .Fir 1*16 

Lime M3 j Beech . . . .1*29 

In the following table are given the respective densities of different 
kinds of wood in various states of dryness : — 


Specific Gratitt of different Kinds of Wood. 


Variety of Wood. 

1. 

Recently 

FeUed. 

0 

Dried in 
Air. 

3. 

Strongly 

Dried. 

Common Oak {Quercut rohur) 


0*7075 

' 0*663 

Pedicle Oak (Q. pedunculata) 

1 *0494 

0 6777 

0*663 

White Willow (Salix alba) .... 

0*9859 

0 4873 

0 457 

Beech [Fagus sylvatica) ..... 

0 9822 

0*5907 

0*560 

Elm {Ulmus campestris) 

0 94/6 

0*5474 

0*518 

Hornbeam {Carpinus hctnlnt ) .... 

0*9452 

0*7695 

0*691 

Larch (Pmut larix) ..... 

0*9205 

0 4735 

0*441 

Vine {Pinu3 sylrettrit) ..... 

0*9121 

0*5502 

0*485 

Sycamore {Acei* pscudoplatanus) 

0*9036 

0*6592 

0*618 

Aiih {FraxinuB excelsior) .... 

0*9036 

0*6440 

0*619 ’ 

Birch {Betula alba) 

0*9012 

0*6*274 

1 0*598 

Mountain Ash {Pyrus aucuparia) . 

0*8993 

0*6440 

1 0*552 

Fir {Pinus abies) 

0*8941 

0*5550 

' 0*493 

Silver Fir (/V/iwajoiVea) . 

0*8699 

0*4716 

, 0*434 

Wild Service {Cratayus torminalis) 

0*8633 

0*5910 

1 0*549 

Horse'Chestnut {j^Fsculus hippocastanvm) 

0-8614 

0*5749 


Alder {Betula alnus) 

0*85/1 

0*5001 

0*443 

Lime {Tilia enropcea) ..... 

0*8170 

0*4390 

0*431 

Black Poplar [Populua nigra) 

0*7795 

0 3656 

0*346 

Aspen {Populus tremula) .... 

0*7654 

0*4302 

0*418 

Italian Poplar (Po;)m/us di7a<a fa) . 

0*7634 

0*3931 


"Eihony {iJiospyrus (henum) .... 


1*2260 

... 
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Columns 1 and 2 give the densities determined by Hartig, and column 
3 the results obtained by Winkler, who weighed a cubic inch of each 
kind of wood. 

Wood not only loses weight by exposure to air, but at the same time 
decreases in bulk ; and in some varieties this takes place to the extent of 
one-tenth of its original volume. 

By long immersion in water, the soluble and extractive matters con- 
tained in woods are dissolved, and therefore the method of transporting 
it by rafts, as practised in some countries, is not only found to lessen 
its weight, but also to reduce its calorific power ; consequently the 
advantages of cheap transj)ort are to some extent counterbalanced by the 
inferiority of the wood so conveyed. 

The analysis of different kinds of wood yields results differing little 
from one another ; but in all the varieties yet examined there is a slight 
excess of liydrogen over oxygen, although in pure woody fibre they are 
combined in such proportion as, by their union, to form water. 

The following table, compiled from the results of l^etersen and 
Schodler, and from those of lleintz, gives the elementary composition of 
different varieties of dry wood. The s])ecimens analysed were in eacli 
case taken from the trunk. Dr. Percy, who gives these and numerous 
other analyses of wood, calls attention to the fact that a small amount 
of error must exi^t in all of them, from the presence of a small quantity 
of COo in the ashes : but remarks tliat it cannot exceed 0*2 per cent.^ 

Elemkntabt Composition or Diiv Wood. 


Exclusive of Ash. 

N-ime of Tiee. 





i’. 

11. 

O. 

N 

Oak .... 



48*94 

5*94 

43 09 

2 03 

Beech .... 



48 29 

6 00 j 

45*14 

0*57 

Birch .... 



48 89 

6*19 t 

43 93 

0*99 

Homlieam . 



4S‘08 

6 12 ‘ 

44*93 

0 87 

AKier .... 



48tJJ 

5 94 

44*75 

0*63 

Ash .... 



49*36 

6*08 

44*56 


Horse chostiiut 



49-OS 

6*71 . 

44 21 


Black Poplar 



49*70 

6*31 

43*99 


Linie .... 



49*41 

6*86 

43 73 i 


Scotch Fir, Old 



49 87 

6*09 

43 41 j 

0*63 

„ Young 



50-62 

6 27 . 

42 58 1 

0*53 

Spruce Fir . 



49*95 

6*40 , 

43.65 i 

... 

Walnut 



49*12 

6*44 > 

44 44 

1 

Mean . 



49*2*2 

6*25 

44 0*2 

I 0-46 


The nature and amount of ash left by the combustion of the various 
kinds of wood, dei>en<l, not only on tlie species of tree examined, but are 
also, to a certain degree, influenced by tlie nature of the soil on which it 
^ Percy’i * 3Ietallurgy ; * Fuel, p. 185, 
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has been produced, as the different inorganic substances which enter into 
the composition of plants seem to have, to some extent, the power of 
replacing one another. Generally speaking, the ash of wood contains 
potassium, sodium, magnesium, and iron as carbonates, silicates, sulphates, 
phosphates, and chlorides. 

The following table gives the amount of ash remaining after the 
combustion of different varieties of wood : — 


Fir 

Birch . 

Hazel . 

White Mulberry 
Saint Lucia . 


Percentage 
of Ash. 

0-83 

Elder . 

Percentage 
of Ash. 

1*64 

100 

Lime 

1*45 

1-57 

Oak, branches 

2-50 

1-60 

„ bark 

6-00 

1-60 



The different parts of the same tree do not yield equal proportions 
of incombustible matter ; the bark and leaves always produce a larger 
amount than the branches, whilst the branches leave more than the 
trunk. Woody plants generally yield less ash than herbaceous ones, 
which are also remarkable for containing a larger proportion of silica 
than is usually met with in wood. 

Many of the published analyses of the ashes of wood are either im- 
perfect or otherwise unsatisfactory. The following, made by Bottinger 
under the direction of Will, appear to be among the most complete and 
reliable. In these analyses the calculations have been made after de- 
duction of COo, and the charcoal resulting from imperfect incineration.^ 


Composition of the Ashes op Wood. 



1 . 

2 . 

3. 

*• 

KaO 

15-80 

279 

0-93 

15-24 

NaaO 

276 

15-99 

14-59 

7-27 

CaO 

60 35 

30-36 

83-99 

25-85 

MgO 

11-28 

19-76 

20-00 

24-50 

Mn 304 


18-17 

7-61 

13 51 

FeaOs, PaOs, or (Fe'" PO 4 ) 

1-84 

5-10 

2-28 

6-18 

^' 63^)4 ...... 


... 

7-73 

... 

3 CaO, P 2 O 5 , or Ca' s (P 04)2 • 

3*99 

... 



CaS04 

2*30 

3-31 

5-05 

2-91 

NaCl 

0*21 

1-48 

2-52 

0 92 

SiOa 

1-46 

3 04 

5-27 

3-60 


99-99 

100-00 

99-97 

99-98 


No. 1, beech from Switzerland ; Nos. 2 and 3, Scotch fir, from the 
neighbourhood of Giessen, near which there are mines of manganese; 
No. 2 from a diseased tree, and No. 3 from one that had died ; No. 4, 
larch from the same locality as Noa 2 and 3. 

* * Anualen der Chemie und Pharmacies vol. 50 p. 406, 1844. 

C 
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Peat or Turf. 

In low and moist situations, where water collects ami cannot readily 
flow off, and in which the loss hy evaporation is inconsiderable, large 
swamps or bogs are formed, and in these marsh-plants of all kinds, 
such as sedges, rushes, reeds, mosses, conferva*, and even small shrubs, 
grow with great rapidity, and quickly cover the surface with a thick layer 
of vegetation. In winter these die, and are, on the return of spring, 
themselves covered by another crop of similar plants. These changes 
go on from year to year, and finally the ground becomes covered by a 
thick layer of vegetable matter in a loose state of aggregation. After a 
time, decomposition takes place in the mass, carbonic anhydride and 
marsh-gas, together with small quantities of sulphuretted liydrogen (pro- 
duced by the reduction of sulphates), are evolved, and iinally the whole 
attains a considerable density’ and becomes of a dark eartliy colour. 

This substance, wliicli is called peat, is in many ])laces e.xtensively 
employed as fuel. There are but few countries in which small areas 
of this material are not found ; but in some, such as in Holland and 
in North Germany, such formations extend over districts of immense 
area, and annually furnish large quantities of fuel. 

Sometimes these depo.sits appear to have taken place at succes- 
sive periods, and in such they are generally divided into parallel 

horizontal strata by layers of earth or sand of varying thickness. The 
beds nearest the surface are for the most part less compact, and of 
a lighter colour, than those lying deeper in the series, and are made 
up of the roots and stems of plants, which, although to some extent 
decomposed, still retain their original forms. 

This porous spongy substance is called turf, and usually becomes 
of a darker colour and greater density as its depth increases ; finally, it 
loses all outward traces of its vegetable origin, and is transformed into 
the dark substance called j)eat. 

Peat is turf so far decomposed that traces only of its original organic 
structure remain, and of which the fracture has become compact, and in 
some instances even resinous. Its density’ is also greater than that of 
the more recent variety, of which a cubic foot only weighs from four to 
six pounds, while the weight of the same bulk of ordinary peat varies 
from twelve to twenty i)Ound.s. 

The cutting of peat is a simple operation. After having laid Imre 
the surface, the peat is cut by s<|uare-pointed shovels into the shape of 
rectangular blocks, wliich are usually dried in the sun, and subsequcjitly 
stacked as fuel. In some instances the surface of the ground is covered 
with water, which cannot be drawn off. In such cases the peat is 
collected by means of an instrument resembling a square-pointed shovel 
provided witli an edge turned up at right angles for the puri>ose of 
affording a hold for the block after its seimration from the mass. To use 
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this tool, a man stands on a stage slightly above the surface of the 
water, and having thrust the instrument into the peat, withdraws it, 
together with a rectangular prism of the combustible, attached by adhe- 
sion to its two sides. When the depth of the water is more consider- 
able, a larger instrument is employed, which is worked by two men, 
and provided with a spring for holding the detached prism with suffi- 
cient firmness to allow of its being drawn to the surface, where the 
spring is released and the charge withdrawn. 

In Holland and elsewhere, when peat is too spongy to be ex- 
tracted by the method above described, and has become reduced to 
the state of black mud, it is obtained by the use of a dredge, made of 
a sharp steel hoop, to which is attached a bag of close network, which 
allows the w’ater to flow through, but retains the particles of peaty 
matter scraped from beneath the surface of the water. These are 
allowed to drain in wooden troughs, the bottoms of which are covered 
with straw, and in which numerous holes are bored for the purpose of 
allowing the escape of water. When the mass has thus attained a 
certain consistence, it is trodden down by persons wearing large pieces 
of wood on their feet like snow-shoes, to prevent their sinking into it ; 
and, when sufficiently firm to resist the pressure of the foot, it is beaten 
with a beater of peculiar construction until a large portion of the water 
has been expelled. The mass is now cut into blocks not unlike bricks, 
which are stacked under proper sheds, so as to allow currents of air to 
pass between the different layers, thereby facilitating the drying of the 
blocks. 

The amount of water contained in air-dried peat varies considerably, 
but is usually from 15 to 20 per cent. At 120° C. peat begins to suffer 
decomposition, and when heated to 250° C., not unfrequently ignites. 
The specific gravity of uncompressed peat varies from 0-25 to 1*058. 

Elementary Composition op Dry Peat. 


Locality. 

Exclusive of Ash. 

Analysts. 

c. 

H. 

0. & N. 

Cappoge, Ireland 
Kilbeggan „ 

Kilbaha „ 

Vulcnire, France 

Long, 

Chainp-dii-Ft*u „ 

Mean 

52*38 
62*18 
55*62 
60*40 
60*90 
61*05 I 
- - 1 

68*75 

7*03 

6 79 
6*88 
5*95 

6 22 
6*45 

6*56 

40*59 

31*03 

37*60 

33*65 

32*88 

32*50 

34*69 

1 Kane. 

1 Kegnault. 


The ashes which remain after buriiiiig peat are partly due to the 
salts contained in the plants from which it derived its origin ; but the 
larger proportion arises from earthy matters subsequently deposited froin 
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the waters wliich so frequently cover the surface of the bogs on which 
it is produced. 

The composition of the ashes of peat will necessarily, to a great 
extent, be influenced by the nature of the soil of the district iu wliich it 
was formed, as the water descending from higher grounds during heavy 
rains will always carry with it, in suspension, small particles, which, on 
reaching the lower lands, are deposited in the form of sand or mud. In 
fact, it is constantly observed that the ashes of peat from a calcareous 
region contain large quantities of lime, while specimens which have been 
formed amongst quartzose rocks yield an ash in which siliceous materials 
predominate. 

In 100 parts of peat the following quantities of ash have been 
observed : — 


Variety of Pe.at. 

I Ash. 

' t 

Grass peat, brownish yellow .... 

1 

17*30 ) 

Pitch |»eat, from Clermont .... 

20-00 

Herbaceous, from Burgundy .... 

7*10 ( 

Brown and hcibaceous fnmi Troves 

16-00 M 

Very old peat, from Vulcaire, near Abbeville 

5 83 1 ) 

n M Loni,' .... 

4*61 } 

Not so old, fiom Champ-du'Feii, A^'osges 

5-35 ) 

Near Berlin, Ist stage 

9*30 i 

f, tt “Ud 

10-20 1 

M „ 3rd 

11-20 ) 

Moor in Eichsfeld, 1st sort .... 

21 -r>o ) 

I, ,, 2n<l SI • • • • 

2.3-0 ( 

»» tt fi • 

30 r> ( 

, t. 4th 

33-0 ) 

Ybllowi>h-bri»wn, from Hartnioor . 

13-43 1 


Observers. 


> Berthier, 


• Regnault, 


Achaid. 


• Buchholz. 


J. A. Phillips. 


Peat can only be advantageously employed by the metalluigi&t in 
localities where other fuels are scarce and expensive, as the great space 
which it occupies, the large percentage of moisture retained by it, 
the difficulty of drying the requisite quantitie.*?, and tlie amount of a-*!! 
resulting from its combustion, present ohstacles to its general use which 
are not readily overc(jme. A’^arious processes Imve, at diflerent periods, 
been em[>loyed to imj)rove the quality of peat, but, up to the j)resent 
time, none of them appear to have afforded results that can be regarded 
as entirely satisfactory. In some proces.sc8 tlie )>locks, after being 
partially dried by exposure to sun and air on the surface of tlie ground, 
are stacked in hollow piles, and finally placed in kilns, through which 
currents of heated air are conducted. In others the peat is first worked 
up into a pulpy mass in pug-mills, and then moulded by machinery into 
blocks, which are afterwards kiln-dried, ]>y the.se means the ijuality of tlio 
fuel can he materially improved, but the cost of labour and machinery 
in 60 considerable, that the product cannot, under ordinary circum- 
stances, compete with other varieties of fuel. It is, however, proba])Ic 
that an increase in the price of coal may at some future time lead to the 
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discovery of means by which the large amount of combustible matter 
locked up in the peat-beds of this and other countries, may be rendered 
extensively available. 

The following analyses of the ashes of peat have been selected from a 
series of twenty-seven made, under the direction of Sir Robert Kane, in 
the laboratory of the Museum of Irish Industry : — 


Composition of the Ashes op Peat. 


1 

1. 

2 . 

3. 

*• 

K 20 

0*362 

0-641 

0 744 

1*667 

NaoO 

1*427 

1-875 

0*704 

2 823 

CaO 

26*113 

22*702 

40 6*23 

20 907 

MgO 

3*392 

1 6*809 

4*352 

5*252 

Al^Oa 

4*180 

j 1*109 

1*671 

2*034 

Fe 203 ..... 

11*591 

; 29*854 

10*368 

17*040 

P^Ofl 

1*461 

1 2*019 

1*114 

1*447 

SO 3 

12*403 

16*381 

24*208 

23*375 

HOI. 

1*568 

' 1*591 

1*052 1 

1 1*424 

SiOa, in compounds decompos- ) 
able by acids . . . ) 

0*980 

0*737 

6*317 

6*634 

j Sand and silicates undecotnpos- | 
able by acids . . . ( 

22 519 

' 14*505 

3*710 

10*682 

0 

0 

13 695 

1 1*470 

4*981 

6*721 


99*691 

99*693 

99 844 

[ 100-006 


L Liglit spongy surface peat, of a reddish-brown colour, and com- 
posed almost entirely of Sphagnum, pieces of which are still distinguish- 
able ; from near Monastereven. 

2. Good comj)act peat, of a blackish-brown colour, consisting prin- 
cipally of moss, with a number of Erica and grass roots, with Carex, 
This peat, which is used as fuel in Dublin, is from Riversdale Eog, near 
Kinnegad. 

3. An exceedingly dense peat, wdth a conchoidal earthy fracture ; 
from Athlone bog. Vegetable structure almost obliterated, but, when 
apparent, indicates remains of Carex, grasses, and Erica in abundance. 

4. A rather dense peat, of a blackish-brown colour, in which the 
structure of moss is no longer visible, but abounding in remains of Carex, 
grasses, and roots and stems of Erica; from the Curragh or Clonbumo 
bogs, near Shannon Bridge. 

In almost every case the amount of CO 2 found was considerably less 
than that required for the formation of calcium carbonate, after ad- 
mitting the whole of the sulphuric acid to exist as calcium sulphate. 
This was supposed to have been caused by the expulsion of COo during 
the process of incineration. Regnault, however, satisfied himself that 
the whole of the calcium present in peat docs not exist as carbonate, but 
to some extent as forming part of various organic compounds. 
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The following analyses of the ashes of American peat are given by 
Professor Johnson ; — ^ 


Composition of the Ashes op Peat— American. 



1. 

2. 

3 . 

KaO 

0*69 

0-80 

3-46 

Na,0 

0-68 


trace 

CaO 

40-62 

35-69 

6-60 

MgO 

6-06 

4*92 

1-05 

1 egOa and AlgOj . 

6*17 

9-08 

15-59 

P2O5 

0-60 

0-77 

1-.55 

SOs 

6-62 

10-41 

4-04 . 

Cl 

0-15 

0-43 

0*70 1 

SiOa^ soluble 

8-23 

1*40) 

1 

CO 2 

19-60 

2-2-28 V 

67*01 1 

Sand 

1211 

15 04 ) 

j 


99*13 

100*72 

100-00 


The specimens of peat affording the ashes analyseil were obtained 
from three different localities in the State of Connecticut 1. From 
Poqiionnock ; analyse 1 by Professor G. F. Parker. 2. From Colebrook ; 
by Mr. 0. C. Sparrow. 3. From Guildford ; analysed by Mr. Peter Collier. 

Karsten states that }x*at sometimes contains iron pyrites in sufficient 
quantity to admit of its being employed fur the manufacture of green 
vitriol. In a deposit of jx^at occurring near ]Moel-llafod-< )wen, North 
Wales, copper was some years since found in sufficient quantities to repay 
the expenses of working it for that metal. For tliis purpose tlie peat was 
burnt in kilns, and the aslies sub-sequently collected for smelting. At 
tlie present time tlie whole of thi.s cupriferous peat lias been removed, 
but the water, wliich sometimes collects in pools on the surface, is still 
often tinged with green from tlie presence of coj>j)er salts. These are 
probably derived from the drainage of a large vein, largely composed of 
arsenical pyrites, which traverses the hill at the bottom of which the peat 
was found. 

Coal. 

Coals constitute an important family, embracing lirpiita or hrown coaJ^ 
common or hituminom coal, and anthrante. The cliief constituent of 
coal is carbon, in cliemical combination with varying jiroportions of 
hydrogen, oxygen, and nitrogen. All coals contain a greater or less 
amount of earthy impurity, which being incombustible, remains, after 
burning, in the form of ash. From their composition, stnicture, and 
other characteristics, there can be no doubt of tlie vegetable origin of 
coals ; whether occurring as lignite, in which tlie woody structure is still 
apparent, or as common coal or anthracite, in which mineralization lias, 

’ * Peat and its Uses as Fertilizer and Fuel,’ by S. AV. Johnson, M.A., p. 47, New 
York. 
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for tlie most part, so far advanced that all external traces of their 
organic derivation have been obliterated. We have conclusive evidence 
that coal of every species is merely mineralized vegetation, which, in 
part, grew in situ as peat-mosses, cypress-swamps, forest-growths, &c., 
and was, in part, drifted by the action of water to basins of deposit. 
Tlie operations of nature being incessant, we have coals belonging to all 
periods, — peats of the current epoch, lignites of the Tertiary, bituminous 
coals of the Carboniferous, anthracites and graphites of the Devonian and 
Silurian, &c. These products differ from one another according to the 
amount of metamorphism to which they may have been severally sub- 
jected. The coal of Great Britain is of Carboniferous age, but many 
productive coal-fields in India, America, and elsewhere belong to the 
Jurassic and Cretaceous periods. Coals are sometimes so free from 
earthy matter as to leave less than one per cent, of ash ; whilst others, 
on the contrary, are so impure as to be unfit for fuel, and thus pass into 
bituminous shales. 

The formation of the different varieties of coal by the decomposition of 
woody tissue may be explained by the gradual elimination of hydrogen 
and carbon as marsh-gas, of oxygen and carbon as carbonic anhydride, 
and of oxygen and hydrogen in the form of w^ater. That the transfor- 
mation of woody tissue into coal has been accompanied by the produc- 
tion of marsh-gas may be inferred from the composition of the fire-damp 
of coal mines, of which this gas is the chief constituent. It is not 
difficult to select from analyses of fuels a series illustrating the gradual 
passage of woody tissue into anthracite ; a coal consisting almost exclu- 
sively of carbon. The following table, arranged by Dr. Percy, gives 
the variable amounts of hydrogen and oxygen contained in different kinds 
of fuel ; the amount of carbon in each case being represented by a con- 
stant quantity.^ 


I c. 1 n. 

0. 

Wood (mean of twenty-six analyses) 

100 

12*18 

83*07 

Feat 

100 

9 85 

55*67 

Lignite (average of fifteen varieties) 

100 

8*37 

4*2*42 

Ten- Yard Coal, South Staffordshire 

100 

6*12 

21*23 

Steam Coal, from the Tyne .... 

100 

5*91 

18*32 

Pentrefelin Coal, South Wales 

100 

475 

6*28 

Anthracite, Pennsylvania, U.S. . 

100 

2*84 

1*74 


It will be observed that throughout the various stages of conversion 
the relative proportions of hydrogen and oxygen gradually decrease. 

Kitrogen is present in coal in small proportions (up to about 2 per 
cent.), and although it docs not appear to bo an essential constituent of 
woody fibre, yet all woods contain albumen, and other nitrogenous com- 
pounds, which readily account for the presence of this clement in the 
different varieties of fossil fuel. 

Sulphur is always present in coal, in which it exists chiefly in the 
1 Percy’s ‘ Metallurgy ; * Fuel, p. 268. 
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form of iron pyrites; it may also occur as calcium sulphate, and also 
combined with the organic elements of coal. Coal always contains a 
certain proportion of water, which may be expelled at a temperature 
slightly above 100° C. Whether the whole of this exists in the state of 
hygroscopic water, or whether, in some cases, a portion of it may not 
be present in a state of combination, has not been determined. A coal 
may appear to be perfectly dr}% and yet lose a large percentage of water 
b}^ desiccation. 

A sensible amount of inorganic matter is contained in all coal ; its 
constituents are chiefly silica, alumina, lime, and oxide of iron, which 
are, in part, derived from the plants from which the coal was produced, 
and partly from the percolation of waters holding these substances 
either in solution or suspension. These substances constitute the ashes 
which are left by coal when burnt, and its value as a fuel is considerably 
influenced, not only by the amount of its ashes, but also by their com- 
position. Iron pyrites in coal is represented in tlie ash by oxide of iron, 
wliich, when present in large proportion, lias the effect of rendering it 
fusible and causing it to form clinkers which adhere firmly to the 
furnace-bars. The distinction between red and leliite ash coals is mainly 
dependent on the amount of pyrites they respectively conhiin. Daubr^e 
detected arsenic in the Tertiary lignite of Lobsann, Lower Rhine ; and 
galena, copper pyrites, and micaceous iron ore are sometimes met with in 
this country in coals of Carboniferous age. 

Lignite or Brown Coal. — Lignites consist of fossil plants more or 
less completely mineralized and converted into coal ; they have usually 
a dull dark brown colour, are compact or laminated, and generally reveal 
the texture of wood. When burnt, they aflbrd a dull flame and evolve 
much smoke ; they are poorer in carbon than ordinary coal ; their heating 
power is less, and, in the majority of cases, they contain a large amount 
of ash. Beds of lignite sometimes occur in the New Ked Sandstone, 
Oolite, and Cretaceous formations, but chiefly in the Tertiary. Lignites 
present a great variety of aspects ; some being almost as liard as true 
coal, while others are distinctly woody. Some, again, consisting of thin 
layers like compressed leaves, are called paper coal ; ” whiLt soft earthy 
varieties have received the name of “ peat coal.” 

Lignite thus passes tlirough every gradation of texture, from that of 
the more compact peats of the present day to that of the bituminous 
coals of the older formations. The well-known lignites or hroim coals 
of the Continent of Europe are chiefly of Tertiary age, and, from the 
leaves, fruit, and stems of palms, &c., wliich they contain, give evidence 
of the prevalence of a genial climate in these latitudes during that period. 

According to Fremy, lignites may be distinguished from mere wood 
and peat, on the one hand, by their solubility in nitric acid and hypo- 
chlorites, and from true coal, on the other, which is insoluble in hypochlo- 
rites, and only slowly attacked by nitric acid. 

The table on the opposite page shows the percentage composition o f 
different varieties of lignite or brown coal. 



Composition of Lignites, Dbied at slightly above 100* 
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^ When the proportion of nitrogen is not given, it is included with the oxygen. 
^ Except where the amount of sulphur is not given in the eighth column. 



42 


ELEMENTS OF METALLURGY. 


No. 1, Brown; structure fibrous and lamellar; becomes rotten by 
immersion in water ; does not soil the fingers ; coke has a semi-metallic 
lusti-e; does not swell, and cakes but slightly; ash bulky and red; 
copper and lead were detected in this lignite ; on burning, it evolves an 
extremely offensive odour ; analysed by F. Vaiix. 2. Black-brown. This 
lignite, after being dried, absorbed from the atmosphere 12*7 per cent, of 
water in twenty-four hours. 3. Black-brown, with woody structure. 
The dry lignite absorbed from the atmosphere 15*9 per cent, of water 
in twenty-four houi*s. 2, 3. Analysed by Sehrdtter, 4, 5. Brown 
coal from Prussia ; 4, presenting wood-like structure, ash reddish-white ; 

5, earthy, ash yellowish-bix)wn. The specific gravity and water were 
determined on material fresh from the workings ; analysed by F. Bischof. 

6. Brown coal ; by Baer. 7. Browui coal ; analysed by Idebig. 8. Brown 
coal ; by L. Gmelin. 9. Occurs at a short distance from the sea at 
Goneza, province of Iglesias, west of Cagliari ; probabl}’^ belongs to 
the true Coal-measures ; analysed at the iScole des Mines, Paris. 

10, 11. Brought by Dr. Hector from La Roche Perc^e, Saskatchewan 
Plains. 10. Dark brown ; conij>act, in part wood-like, and in part re- 
sembling coal from the Coal-measures ; fracture more or less conchoidal. 

11. Cracked into small pieces by exposure to the air; in appearance 
much resembling coal from the Coal-measures. 12, 13. Collected by Mr. 
G. P. Wall in the Island of Trinidad. 12. Black ; fracture dull ; j>owder 
brown; does not cake when heated in a close ves&el ; yields 43*15 per 
cent, of a non-coherent coke. 13. Black; bright, like good bituminous 
coal ; when heated evolves an odour resembling that of petroleum. 
14. Black ; lustre dull ; fracture uneven, more or less conchoidal ; cleav- 
age distinct : more or less translucent, A brow n resin occurs, diffused 
through this lignite, in pieces varying from the size of a pea to consider- 
able masses. 15. In physical characters this lignite is similar to that last 
described, and also contains re.sin distributed throughout its substance. 
Accompanying the specimen forwarded was a piece of resin as large as 
the fist, which “was more opaque an»l less resembling ordinary amber 
than that contained in the lignite from New Zealand. The analyses 
10-15, both included, were made by Mr. C. Tookey, under the direc- 
tion of Dr. Percy. The mode of rendering tlie results has, in some 
cases, been slightly changed, in order to adapt them to the general 
headings of the table. 

The following analyses of the ashes of lignite will be sufficient to 
give an idea of their general comjxisition : — 
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1. 

2. 

Si 02 ... 

312 

19*271 

FP 2 O 3 . 

32-78 

5-78 

AIjO, . 

29-50 

11*57 

CaO . . . 

20-56 

23*67 

MgO . 

216 

2*58 

K 2 O . . . 

0-99 

1*74 

NajjO . 

1-72 

SO 3 . . . 

9*17 

33*83 

COa . . . 

... 

*90 


10000 

99*34 


1. From Artcrn, Saxony; analysed by Kremers. 2. From Bruns- 
wick ; analysed by Varrentrapp. The term “ lignite ” is sometimes em- 
ployed as synonymous with coal occurring in deposits of later date than 
tlie true Coal-measures. 

The coals of Monte Diablo, California, are of Upper Cretaceous age, 
as are also those of Bellingham Bay, and Xaniamo, Vancouver. These 
coals are extensively used on the Pacific coast, and, like all others of a 
later geological period than the Carboniferous, contain a considerable 
])roportion of hygroscopic water. Exposed to the action of a dry atmos- 
phere they part with their moisture but slowly, and, in doing so, are 
liable to become disintegrated. This defect is, however, characteristic 
of certain American coals of Carboniferous age ; the percentage of water 
in some of the Iowa coals being as great as in those of Monte Diablo. 
In otlier respects these Cretaceous coals closely resemble the highly 
bituminous varieties from the Coal-measures. 

The following proximate analyses of various Cretaceous coals, in use 
on the Pacific coast, are given by Prof. J. D. Whitney, who remarks that 
those of the Monte lliablo coals were made very shortly after the first 
opening of the mines, and consequently an improvement in quality might 
be expected at greater depths.^ 


Pboximate Composition of Cretaceous Coals. 



Clark & Co. 

Monte Diablo 

Black 

Diamond. 

Cumberland. 

Bellingham 

Bay, 

Waaliington 

Territory. 

Naniamo, 

Vancouver. 

Water 

13*47 

14*69 

13*84 1 

8*39 

2*98 

Bituminous substances 

40*36 

33*89 

40*27 1 

33*26 

32*16 

Fixed carbon . 

40*65 

46*84 

44*92 

45*69 

46*31 

Ash .... 

5*52 

4*58 

0*97 

12*66 

18*55 


^ Kesidue insoluble in acids. 

2 ‘ Geological Survey of California,’ p. 30. 
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ELEMENTS OP METALLURGY. 


Bituminous Coal, — This term is usually applied to coals from the 
Coal-measures ; these burn with a more or less smoky flame, like that of 
bitumen, although the presence of this mineral cannot be detected in 
ordinary bituminous coal Coals of this description are brittle and 
opaque, with a lustre varying from dull to shining ; colour, under ordi- 
nary circumstances, black or brownisli-black ; when in fine powder, 
brown-black or blown ; fracture uneven or somewhat conchoidal, the 
fragments often presenting more or less cubical or rhombic forms; consist 
of carbon, hydrogen, oxygen, nitrogen, and sulphur, with variable amounts 
of inorganic matter or ash. When heated in a close vessel they leave a 
solid carbonaceous residuum, termed coke. Bituminous coals are divided 
into various classes in accordance with their peculiar chemical and phy- 
sical properties, and their applicability to various specific uses. Many 
of these distinctions are merely local, or are dependent on comparatively 
slight peculiarities, but the general classification into caking or coking 
coeds, on the one hand, and non-caking coals, on the other, is both defi- 
nite and of great practical importance. Between these two extremes 
are numerous sub-varieties, which have, in different localities, received 
names indicative of their greater or less similarity to one or other of the 
types. 

When caking coals are strongly heated they become partially fused, 
and, when in a pasty state, swell into a spongy mass, giving off bubbles 
of gas, which, as it escapes, burns with a bright flame. Coals of this 
description, when reduced to powder and strongly heated in a covered 
vessel, agglomerate into a mass of coherent coke. Tliis projierty of 
caking varies in degree, in different coals, from slight agglutination to 
almost complete fusion. 

The caking of coal does not, however, take place at a temperature 
below that at which its decomposition is effected, and consequently it 
cannot be regarded as the result of a mere fusion of its particles. It is, on 
the contrary, caused by the action of heat on its constituents giving rise 
to the formation of coal-tar, which, becoming subsequently charred, 
cements the whole into a solid and frequently sonorous mass. Even the 
powder of charcoal or anthracite, if mixed with a small quantity of pitch 
or coal-tar and strongly heated in a closed crucible, will afford a perfectly 
solid coke, which, 'when struck, has an almost metallic ring. 

Non-caking coals are those which do not, in burning, cake or 
sinter together in any sensible degree, and of whicli the particles, when 
strongly heated in a closed vessel, do not unite to form a solid coherent 
coke. A fire supplied with coals of this description remains open, allow- 
ing the air to pass freely through it ; whereas many varieties of caking 
coal cannot, without an admixture of a non-caking coal, be empdoyed for 
metallurgical purpx)ses on account of the stopp)age of the air-passages, 
caused by its agglomeration into a more or less compact and impervious 
mass. 

It would appear from the researches of Professor Stein of Dresden on 
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the coals of Saxony, and from the investigations of Dr. Percy on those of 
this country, that the property of caking is dependent rather on the proxi- 
mate constitution of a coal than upon its ultimate composition, and that a 
caking and a non-caking coal may have the same elementary composition, 
Tliis subject is,' liowever, worthy of further investigation. 

It has been asserted on good authority that certain Welsh coals lose 
tlieir property of caking after a few days* exposure to the air, and M. de 
Marsilly states that strongly caking coal, which affords an excellent 
coke when fresh from the pit, yields an imperfect coke after exposure to 
the atmosphere for six months. The more important conclusions arrived 
at by M. de Marsilly may be summarized as follows ; — Coal suffers a less 
loss of weight by desiccation in vacuo than by exposure to a temperature 
of 100® C. It begins to give off gas at 50® C., but its evolution is not 
very sensible below 100® C. The amount of gas evolved goes on in- 
creasing up to 330® C., when the decomposition of the coal, properly 
so called, probably commences ; a liquid product having the odour of 
benzene is distilled off at the same time. The loss of weight experienced 
by coal at 300® C. ranges from 1 to 2 per cent. 

The caking of coal is also, to a considerable extent, influenced by the 
way in which it is treated, since, in some cases, a coal which, if heated in 
the usual way, is practically non-caking, will, when rapidly exposed in a 
close vessel to a very liigh temperature, yield a firm coherent coke. The 
amount of moisture in a coal has likewise a certain influence on its 
proi^erty of caking, and when a large quantity of inorganic matter is pre- 
sent, it is not witliout effect in diminishing this property, although Stein 
has found that a coal containing nearly 22 per cent, of ash may still be 
capable of caking. 

Strongly caking coal, from becoming agglomerated on the grate, and 
thus preventing the free ])assage of air, is not often adapted for metal- 
lurgical purposes, except in the form of coke, and a fuel containing a 
large amount of a fusible ash may be equally objectionable, from the 
choking of the grate by the formation of clinkers. If, therefore, a coal 
possesses, in a high degree, the property of caking, or yields a large 
proportion of fusible ash, it is usually mixed either with a non-caking 
variety, or with a coal of which the ash has a tendency to prevent the 
formation of clinkers, when mixed with the more fusible ashes of the 
other. 

Tlie following table, extracted from the ‘ Third Official Report on 
Coals suited to the Steam Navy,* gives the percentage composition of 
several varieties of British coal, together with their si)ecific gravities and 
the amount of ash and coke yielded by each. 

The results obtained by Kegnault and Karsten from the analyses of 
specimens of various foreign coals are given on page 47. 



Scotch. Lancashire. Derbyshire. Newcastle. Welsh Coals. 
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ELEMENTS OP METALLURGY 


Composition op Vabiocs Bbitisk Coals. 


Locality or Name of Coal. 

Specific 

Gravity. 

C. 

II. 

N. 

S. 

0. 

Ash. 

*Por- 
centaj^^o 
of Coke 
left. 

Aberam.an Merthyr 

1*305 

90*94 

4*28 

1*21 

1*18 

0*94 

1*45 

85 0 

Ebbw Vale . 

1*275 

89*78 

5*15 

216 

1*0*2 

0*39 

1*50 

77*5 

Thomas’s Merthyr . 

1*30 

90*12 

4*33 

1*00 

0*85 

2*02 

1*68 

86*63 

Duffryn .... 

1*326 

88*26 

4*66 

1*45 

1*77 

0*60 

3*26 

84*3 

Nixon’s Merthyr 

1*31 

90*27 

4*12 

0*63 

1*20 

2*53 

1*21 

79*11 

( Binea .... 

1*304 

88*66 

4*63 

1*43 

0*33 

1 *03 

3 96 

88*10 

Bedwas .... 

1 32 

80*61 

6*01 

1*44 

3*50 

1*50 

6*94 

71*7 

Hill’s Plymouth Works . 

1*35 

88*49 

4 00 

0*46 

0*84 

3*82 

2*39 

82*25 

Aberdare Co.’s Merthyr . 

1*31 

88*28 

4*24 

1*66 

0*91 

1*65 

3*26 

85*83 

Gadly Nine-feet Seam 

1*33 

86*18 

4*31 

1*09 

0*87 

2*21 

5*34 

86*54 

XResolven .... 

1 1*32 

79*33 

4*75 

1*38 

5*07 

incluilml 
111 Axh. 

9*47 

83*9 

/ Willington 


86 81 

4*96 

1*05 

0 88 

5*22 

1*08 

72*19 

I Andrew’s House, Tanfield 

1*26 

85*58 

5*31 

1*26 

1*32 

4*39 

2*14 

65*13 

1 Bowden Close . 

.. 

84*92 

4*53 

0*96 

0 65 

6*66 

2*28 

69*69 

I Haswell Wallsend . 

1**2S6 

83*47 

6*68 

1*42 

0*06 

8*17 

0*20 

62*70 

1 Newcastle Hartley . 

1*29 

81 81 

5*50 

1**28 

1*69 

2*58 

7*14 

64*61 

\ Hedley’s Hartley 

1*31 

80*26 

5*28 

1*16 

1*78 

2*40 

9*12 

72*31 

Bates’ West Hartley 

1*25 

80*61 

5*26 

1*52 

185 

6*51 

4*25 

... 

We'it Hartley ^[ain. 

1*264 

81*85 

5*29 

1*69 

1*13 

7*53 

2*51 

59*20 

Buddie’s West Hartley . 

1*23 

80*75 

5*04 

1*46 

1*04 

7*86 

3 85 

1 

\ Hastings’ Hartley . 

1*25 

82*24 

5*42 

1*61 

1*35 

6*44 

2*94 

35*60 1 

'Earl Fitz william’s Elsecar 

1*296 

81*93 

4*85 

1*27 ' 

0*91 

8*58 

2*46 

61*6 1 

j Hayland & Co. ’s Elsecar . 

1*317 

80*05 

4*93 

1*24 

1*06 

8*99 

373 

62*5 1 

1 Earl Fitzwilliam’s Park J 

1 Gate . . . ) ' 

1*311 

80*07 

4*92 

215 

1*11 

9*95 

1*80 

I 

61*7 

A Butterly Co. ’s Portland . ^ 

1*301 

80-41 

4*65 

1*59 

0*86 

11*26 

1*23 

60*9 

jButterly Co.’s Langley . | 

1 *264 

77*97 

5*58 

0*80 

1*14 

9*86 

4*65| 

64*9 

jStaveley . . . . | 

1*27 

79*85 

4*84 

r*23 

0*72 

10*96 

240 

57*86 

vLoscoe Soft 

1 

1*285 

77*49 

4*86 

1*64 

1*30 

12*41 

2*30 

52 8 

Ince Hall Co.’s Arley 

1*272 

82*61 

5*86 

1*76 

0*80 

7*44 

1*53 

64*0 

Haydock Little Delf 

1*257 

79*71 

5*16 

0*54 

1 U-52 

10*65 

3*4*2 

158*1 , 

Balcarres Arley 

1*26 

83*54 

5*24 

0 98 

105 

5*87 

3*32l 

! 62*89 ' 

Blackley Hurst 

1**26 

82*01 

5*55 

1*68 

!l*43 

6*28 

4*05! 

57*84 ; 

Ince Hall Pemberton Yard ' 

1*348 

80*78 

6*23 

1*30 

!i*82 

7*53 

2*34 

60*6 ' 

Haydock Rushy Park . | 

1*323 

77*65 

5*53 

0*50 

;i*73 

10*91 

3 68 

59 4 

Moss Hall Pembeilxm } 
i Four-feet . . ( I 

1*258 

75*53 

4-82 1 

2*05' 

1 

3 04 

1 

7*98 

6*58 

55*7 

/Elgin Wallsend . . ' 

1*20 

76*09 

5*22 

1 

1*41 

1*53 

5*05 

10*70 

58*45 

jWellwood 

1**27 

81*36, 

6*28, 

1*53 

|l*57 

6*37 

2*89 

59*15 1 

1 Dalkeith Coronation Seam 

1*316 

76*94 ' 

5*20 

trace 

|0 38 

14*37 

3*11 

53*5 

/ Kilmarnock Skerrington . 

1**241 

t 79*82 1 

1 5*82 

0*94 

0*86 

11*31 

1-25 

49*3 ' 

1 Fordel Splint . 

1*23 

79*58 1 

5*50 

1*13 

1*46 

8*33 

4 00 

52*03 ! 

j Grangemouth . 

1*29 

79*85 1 

5*28 

1*35 

1*42 

8*58 

3*52 

56*6 1 

1 Eglinton .... 

1*25 

80 08 1 

6*50 

1*55 

1*38 

8*05 

2*44 

54*94 1 

\ Dalkeith Jewel Seam 

1*277 

74*55 

5*14 

0*10 

0*33 

15*51 

4*37 

49*8 
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Composition op Various Foreign Coals. 


Localitj or Name of Coal. 

C. 

H. 

0. &N. 

Ash. 

Specific 

Gravity. 

Analysts. 

Alais, D^p. du Gard 

89-27 

4 85 

4-47 

1-41 

1-322 


Rive-de-Gier, Grand Croix . 

87*45 

5*14 

5*63 

1-78 

1-298 


FlenU from Mona . 

84-67 

5-29 

7 94 

2-10 

1*276 


Decazeville, l)^p. A\eyron . 

82-12 

5-27 

7 48 

5*13 

1*284 


Epinac 

81-12 

5-10 

11 25 

2-53 

1-353 


Commentry .... 

83-72 

5 29 

11*75 

0-24 

1*319 


Blanzy 

76-48 

5*23 

16*01 

2-28 

1-362 

) Kegnault. 

Lippe*Schaumburg 

89-50 

4*83 

4 67 

1-00 

1-279 


C^ral, L)6p. Aveyron 

75-38 

4 74 

9*02 

10-86 

1-294 


Neroi 

1 63-28 

4*35 

13*17 

19-20 

1 1410 


Saint-Girona .... 

1 72-94 

5-45 

17*53 

4*08 

1 1-316 


Sainte-Colombe 

75-41 

5-59 

17-91 

1-09 

, 1-306 


Leopold inengrube, Up. Silesia 

73-88 

2 76 

2-47 

20-89 



Konigagrube, „ 

1 78*39 

3-21 

17-77 

0-61 

1-285 

/ TCaraten. 

Salzer and Neuak, Westphalia 

' 88-68 

3-21 

8*11 


1-288 


Hundsnak, „ 

90-35 

3-20 

6-45 

... 

1*338 j 

' 


The composition of tlie ashes of a coal is in a great measure influenced 
by the nature of the rock overlying the seam from which it is extracted, 
as, besides containing the inorganic elements originally forming part of 
the plants, by the decomposition of wdiich the coal has been produced, 
they will also, to a certain degree, consist of various earthy and siliceous 
materials, deposited in the pores of the coal by the infiltration of water 
from tlie strata above. 

The analyses of the ashes of seven varieties of British coal afforded 
the results given in the following table. The alkalies were not esti- 
mated. 


Composition op the Ashes of Coals. 



Name of Coal from 










No. 

■which the Asli was 

SiO,. 

A1,03. 

FejO, 

CaO. 

MgO. 

SO,. 


FcS. 

Total. 


obtained. 




1 


1. 

Dowlais, N. Wales 

35-73 

41-11 

11*15 

2-75 

2-65 

4-45 

0-99 


98-83 

2. 


24-18 

20-82 

26-00 1 9-38 

9-74 

8-37 

0-21 

0*38 

99*08 

3. 


37-61 

38-48 

14-78 1 2-53 

2-71 

0-29 

2-00 


98*40 

4. 


39-64 

39*20 

11-84 

1-Sl 

2-58 

trace 

1 

3-01 

... 

98*08 

5. 

Bedwas „ 

26-87 

66-95 

5-10 

1-19 

7-23 

0-74 


98*08 

6. 

Porthmawr „ 

34-21 

62-00 

6-20 

0-66 

,4*12| 

0-63 

... 

97*82 

7. 

Fordel splint, ) 
Scotch . . ) 

37-60 

52-00 

3-73 

1-10 

4-14 

1 

0-88 


99*45 


Nos. 1-4 analysed by E. Riley ; Nos. 5-7 by J. A. Phillips. 

Cannel Coal. — This is a compact, jet-liko variety of coal, sonorous 
when struck, breaks with a conchoidal fracture, and does not soil the 
fingers when handled. It is said to derive its name from the candle- 
like light it yields when burning, and is known to Scotch miners 
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as “parrot coal,” from the crackling, chattering sound it emits when 
thrown on the fire. Cannel coal occurs in certain districts interstratified 
with ordinary coal, and often forms, in the Scotch coal-fields, the uj^per 
portion of a seam of non-caking coal, or even of a bed of blackband 
ironstone. It is rich in disposable hydrogen, and is used chiefly in the 
manufacture of gas, for which purpose it is in great demand. The caii- 
nel coals of Wigan are mined in the immediate vicinity of that town, but 
thin out in every direction from Wigan as a centre. 


Composition op Cannel Coals. 


) 

Locality. 

Specific 

Gravity. 

C. 

H. 

0 . 

N 


A^-h. 

n,ov. 

Analysts. 

Wigan . 

1*27 

80*07 

5-53 

8-10 

2-10 

1-50 

2-70 

1-91 

Vaux. 

»» • 

1*32 1 

1 84-07 : 

' 5-71 1 

7*82 



2 40 

... 

Regnault. 

1 Tyneside 

1-32 1 

1 78-06 

5-SO ! 

3-12 

1-85 ^ 

2*22 

8 95 

... 

Taylor. 

' Boghead 

1 

1*20 ! 

1 

! 65-72 j 

9-03 j 

4-78 

0-72 1 

1 

... 

i 19-75 

... 

Stenhouse. 


Dr. Stenhouse obtained the following results as the mean of three 


analyses of the ash of Boghead cannel 


SiOa 

. 58-31 

ALO 3 . 

. 33-65 

FeoOs . 

7-00 

K .0 

0-84 

Na ,.0 . 

0-41 

CaO and SO 3 . 

. , traces 


100*21 


Aijthracite. — Anthracite may be regarded as the ultimate product of 
the conversion of vegetable matter into coal. Its structure is perfectly 
homogeneous, its fracture conchoidal, and its colour a jet black, ■with a 
vitreous lustre, which frequently exhibits a remarkable play of colours. 

The results obtained by various chemists by analyses of specimens of 
this substance are given bedow. 


Composition of Anthracites. 


Locality. 

C. 

H. 

O.&N 

Ash. 

Specific 

Gravity. 

Analysts. 

Potts ville, Penn.sylvaiiia. 

90*45 

2-43 

2-45 

4 67 

1*462 ) 


Rolduc, near Aix-la-Chapelle . 

91-98 

3-92 

3-16 

0-94 

l-3t>7 } 

Regnault. 

Mire, Braconni^re . 

91 -45 

4-18 

2-12 

2-25 

1*343 ) 

Sabl^, I>4p. de la Sarthe 

87*22 

2-49 

3-39 

6-90 

1-751 


Vizille, l)^p. de ITsere . 

94*09 

1-85 

2-^5 

1-90 

1-730 [ 

Jaquelin. 

Is^re 

94-00 

1-49 

3-58 

4-00 

1-650 ) 

Glamorganshiie 

91 -44 1 

3-84 

3*58 

152 

1-375 

Wrightson. 

Slievardagh, Ireland 

80 03 

2-30 



1-590 

H. How. 


Occlusion of Gases in Coal. — The composition of the gases en- 
closed in coal has of late years attracted considerable attention. Inves- 
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tigations relative to this subject have been made in Germany by Br. 
E. V. Meyer, ^ who determined the volume and nature of the gas evolved 
from the coals of various localities, while still more recently Mr. J. W. 
Thomas ^ has experimented in this country upon different varieties of 
British coal. The experiments of v. Meyer were conducted by collecting 
and examining the gases evolved when pieces of coal of the size of nuts 
were kept heated in water during many hours at 100° C. in such a way as 
to avoid actual boiling. Mr. Thomas sawed slices, each about six inches 
in length, out of the middle of large blocks of the coal to be examined, 
and, without delay, inserted them into glass tubes of suitable diameter ; 
one end having been previously drawn out into a narrow neck, so as to 
conveniently form a connection with the Sprengel mercurial pump. 
The other end was then sealed before the blowpipe, at such a distance 
as to prevent any material increase of temperature. The usual water- 
joint connection was then made with the Sprengel pump, the air exhausted 
as quickly as possible, and the last portions of the gases brought over sub- 
jected to analysis. When the whole of the air had been thus removed, 
the tube containing the coal was immersed in a vessel of boiling water, 
and kept at a temperature of 100° C. for about seven hours, or until the 
pump ceased to bring over any appreciable quantity of gas. For the 
purposes of comparison, Mr. Thomas divides the coals experimented upon 
into three classes, namely, house coal, steam coal, and anthracite. 

The gases evolved from these three classes of coal difi’er materially 
both in quantity and in composition. House coal, from near the sur- 
face, contains little or no marsh-gas, while the percentage of carbonic 
anhydride and nitrogen is usually very high. Steam coal occludes a 
larger volume of gas than does house coal, and it contains a higher per- 
centage of marsh-gas. Anthracite encloses b}^ far the largest volume of gas, 
the composition of which closely resembles that evolved from steam coal. 

The following table gives the composition by volume of the gases 
obtained from the different coals examined : — 


No. of 
Sample . 

Gas evohed by 
100 grammes, of 
Coal at 100° C. 
(212° F.) in 
radio. 

1 

Comi>osition of Gases. 


Carbonic 

Anhydride. 

Oxygen. 

Marsh-gas. 

Nitrogen. 

1. 

C C. 

65 9 

36-42 

0-80 


6278 

2. 

61*2 

1677 

272 

6-40 

80-11 

3. 

65 1 

6-44 

1-05 

63 76 

29-75 

4. 

24-0 

22-16 

6-09 

2-68 

69-07 

6. 

397 

9-43 

2-25 

31-98 

66 34 

6 . 

194-8 

6-04 

0-33 

87-30 

7-33 

7. 

, 250-1 

13-21 

0-49 

81-64 

4-66 

8. 

218-4 

6-46 

0-44 

84-22 

9-88 

9. 

147-4 

18-90 

1-02 

67-47 

12-61 

10 . 

376-4 

9-26 

034 

86-92 

3-49 

11. 

149-3 

11-35 

0-56 

73-47 

14-62 

12. 

216-4 

6-64 

0-64 

8270 

11-12 

13. 

666-5 

2-62 


93-13 

4-26 

14. 

600-6 

1472 

! 

84-18 

1-10 


1 * Journal fiir prnctisobe Chimie,* 1871, cxii. p. 42 ; 1872, cxii. p. 144 and p. 407. 
* ‘Jour, Cliem. Soo.,* vol. xxviii. 1876, p. 793. 
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House Coals. — 1. Plymouth Iron- Works. 2. Plymouth Iron- Works, 
South Pit. 3. Cwm Clydach. 4. Bettwys Coal. 5. Llantwit. 

Steavi Coals. — 6. Bute Merthyr Colliery, 2 ft 9 in. seam. 7. Naviga- 
tion Colliery, upper 4 ft. seam. 8. Dunraven Colliery, upper 4 ft 
seam. 9. Cyfartha Colliery, upper 4 ft seam. 10. Bute Merthyr 
Colliery, G ft seam. 11. Dunraven Colliery, 6 ft seam. 12. Dutfryn 
Colliery, 9 ft seam. 

Anthracite — 13. Bonville’s Court. 14. Watney’.s Llanelly. 

The present annual production of coal in the United Kingdom is 
about 105,000,000 tons. 


Preparation op Carbonized Fuels. 

Since all the various substances used for fuel are of organic origin, it 
follows that they are more or less prone to decomposition. Chemical 
combinations are stable within certain limits of temperature only, and 
when these points are exceeded, a series of compounds is produced by 
fresh groupings of the elements of which the original substance was 
composed. When a substance, such as wo )d, is strongly heated, the 
ari-angement of its elements is broken up, and new compounds are pro- 
duced, capable of existing at the liigher temperature at which they are 
formed. The nature of these products will in a great measure depend on 
the degree of heat which has been employed, as those obtained at one 
temperature will materially differ, both in quantity and composition, from 
those foimed at another. 

The re.sults will, moreover, be essentially different, according as air is 
excluded from or admitted into the apparatus in which the heating takes 
place. When air is admitted, the products at first formed are imme- 
diately subjected to tlie action of oxygen, which combines with their 
elements to form new bodic.s, and combustion is the result. If, on the 
contrary, decomposition i.s effected by heat alone in closed vessels, air 
being excluded, the jirocess is known by the name of dru distillation, 
and affords the means of collecting and studying the various products 
obtained at more or less elevated temperatures. This operation is of 
the greatest importance, as affording the means of modifying various 
fuels, so as to adapt them to the particular circumstances under which 
they are to be employed. When a piece of wood or coal is strongly 
heated, its elements so arrange themselves as to give rise to various 
gaseous compounds, and these, escaping at an elevated temperature, ignite 
and produce flame. This combustion affords sufficient heat to cause the 
non-volatile portion of the fuel to combine with the oxygen of the air, 
which in its turn produces a fresh supply of gas from that portion of the 
mass with which it is in immediate contact. In this way combustion is 
supported until the substance is entirely consumed, as the lieat evolved 
by the combustion of the carbon on the outer surface of the mass causes 
the dry distillation of the inner portions witlx which it is in contact ; 
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while the gases thus evolved tend to facilitate the union of the carhon of 
the outer surfaces with the oxygen of the air. 

From the large amount of water contained in many natural fuels it is 
evident that, when burnt, a portion of the heat evolved must be rendered 
unavailable, as the water present will carry olf by its evaporation a 
portion of the heat produced. The presence of hydrogen and oxygen, 
virtually in combination, forming part of the fuel will also give rise to 
the production of water, which can only be volatilized at the expense of 
a portion of the carbon consumed. 

In order, therefore, to obtain a larger amount of combustible matter 
in a given weight of fuel, it has long been the custom to expel the aque- 
ous and gaseous portions of such as are required to afford an intense heat, 
before applying them to the uses for which they are intended. This is 
the object of charring wood, or converting it into charcoal, which opera- 
tion has more recently been extended to peat, lignite, and coal In the 
latter case the process is called coking, and the resulting product is 
known by the name of coke. By this means, the different kinds of 
natural fuels are made to afford a series of artificial ones, respectively 
better suited for particular purposes than the substances from which 
they arc derived. Their economical preparation, therefore, becomes a 
subject of importance, not only to the metallurgist, but to all who require 
the aid of elevated temperatures. 

Charcoal. 

If we ignite a small splinter of wood, and closely examine the way 
in which it burns when the lighted end is held downwards, two distinct 
periods wull be observed. When the flame has become weak, from vola- 
tile combustible products having ceased to be evolved, except in verv 
small quantities, it is observed gradually to die out, and nothing will 
remain but the feeble glimmering produced by the slow combustion of a 
portion of the remaining charcoal, wdiich not affording sufficient heat to 
admit of the combustion of the carbon by the oxygen of the air, soon 
ceases. If, so soon as the flame has died out, the chip be placed in a 
close vessel, such as a test-tube stopped by the finger, it will, from want 
of air, be quickly extinguibhed, without any of the glimmering before 
noticed ; and if a piece of wood be at once heated in a close vessel, so as 
to completely char it without first producing ignition, the volatile matters 
are driven off, and charcoal is produced without loss of carhon from the 
action of the air. In the ordinary methods of preparing charcoal on a 
large scale, both these principles are, to some extent, involved ; as in this 
case a portion of the wood is consumed in order to sufficiently raise the 
temperature to drive off the volatile constituents of that which remains, 
while the combustible products of distillation are more or less perfectly 
consumed. Less frequently chamng is effected in large ovens or retorts, 
and in that case the second principle only comes into play. 
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Whichever of these contrivances be employed, it is essential that 
time be allowed for the oxygen to combine with liydrogen to form 
water, without wliich these gases unite with and render volatile a portion 
of the carbon, thereby diminishing the amount of charcoal produced, 
Karsten, who has carefully examined this subject, obtained the following 
results, from which the advantage of the slow over the quick method of 
cliarriiig ]>ecome3 apparent 



1 Percentage Anjouiit 

IVrcontago Amount 

Sjxjcics of Wood employed. 

1 of Charcoal t)ht.Hiiicd 
by Quick Method of 

of Oharctul obtained 
by 8Ii>w Method of 


Ch.imug. 

Chan 

Young Odk .... 

16 •,'54 

25*60 

Old do. .... 

15*91 

25*71 

Young Red Beech 

14 87 

25-87 

Old do. 

14*] 5 

26-15 

Young White Beech 

13*1*2 

25 *22 

Old do, ... 

13 65 

26*45 

Young Alder. 

14*45 

25 65 

Old dii 

15 30 

25 "65 

Young Birch .... 

13*05 

25-05 

Old do. ..... 

12*20 

24 70 

Birch 100 years ohl 

12*15 

25*10 

Young Deal (Poi«a7>iVoi) 

14 **.'5 

25 **25 

Old do 

14*05 

25 00 

Young Fir {P. abas) 

16*22 

27 72 

01dd<.. .... 

15*35 

24*75 

Young Tine {P, 

15 ,52 

26 07 

Old do 

13 75 

25*95 

Limetree .... 

13 30 

24 60 


The best method of abcertaining the quantity of charco.il }ieltled by 
various kinds of wood is to enclo.^e a "weighed fragment of the wood in a 
well’covered crucible filh*d with cliarcoal-dubt, and liaving placed it in an 
assay furnace, the lieat should be gradually raised to redness, at wliich 
temperature it is kept for about half an hour, when the crucible must be 
withdrawn from the fire, and allowed to cool previously to being opened. 
Fine sand may be employed instead of charcoal-ilust for tlie jmrpose of 
excluding air from the wood. When the crucible hassulliciently (^loled, 
the fragment of charcoal is withdrawn and weighod. TJiis experiment 
should be repeated at least twice on each variety of wood, for the pur- 
pose of avoiding error. 

Preparation of Charcoal in Piles. — The charcoal-lnirner selects 
for this purpose a dry locality, sheltered on at least one of its sides, 
either by a hill or by a portion of the uncut forest ; since, if the piles 
were constructed in an exposed situation, it would be difficult to prevent 
their being so acted on by the wind as to cause an unequal charring of 
the wood. When a proper situation has been chosen, whicli, to prevent 
the expense of carriage, should not be far removed from tlie place where 
the wood has been felled, a circular piece of ground of the diameter of 
the intended pile is marked out. If the soil be saudy and dry, this is 
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done by merely cutting around it a shallow drain for the purpose of 
carrying off any rain-water which may fall during the process of carboni- 
zation ; but should there be any reason for suspecting the dryness of the 
soil, the surface is slightly raised by a covering of stones, logs of wood, 
or by the smaller branches of trees. The next operation is to cover the 
surface with charcoal-dust, obtained from a preceding operation, or, in 
default of this, a strew of leaves is sometimes employed. A long post is 
now driven into the ground in the centre of the circle, and it should be 
of sucli a length that its upper extremity may extend a little above the 
top of the intended pile. Around this the wood, which has previously 
been cut into proper lengths, is piled, as shown in fig. 2. Great care is 
taken to avoid large cavities betw'een 
the billets, and, for this reason, those 11 

situated immediately around the ccn- 
tral post should be made by splitting 
the larger branches. In making the ji 

mound, their thinner edges are placed 

The more slantingly the billets are 
}>laced against this post, the greater 
ill be the spaces between them : and, „ ^ , , „ , , 

therefore, the more nearly perpendicular 

they can be ] tiled consistently with the stability of the mass and the 
ndention of the external covering, the better will be the subsequent 
results. It is also evident that, when logs are j)iled horizontally in con- 
centric circles radiating from the centre, considerable spaces must be 
produced by the divergence of the outer ends of the billets forming the 
various rings ; and, therefore, a combination of the two methods, as 
shown in the figure, is frequently adopted. All unavoidable spaces 
resulting from the crookedness of the branches or their radiation must 
be carefully filled with small fragments of wood ; and when the surface 
has been thus made even, and the top or cap has been properly rounded 
by the addition of refuse wood, the pile is provided with its cover- 
ing. This consists of. sods placed on the heap with the grassy side 
inw'ards, and beaten all over with a shovel to make tliem lie closely on 
its surface. This is again covered with earth, and the whole pressed 
down for tlie purpose of giving it solidity. The covering does not, how- 
ever, extend to tlie foot of the pile, but is supported at a few inches 
from the bottom by twigs held in their places by forks, so as to form 
hoops around the lower j)art of the pile. This open part at the base of 
the mound is for the purpose of allowing the escape of the aqueous 


F»g 2.— Charcoal Pile ; veitical section. 


vapours generated during the first stage of the operation, as no opening 
is allowed at the upper part of the pile, since it would tend to cause a 
draught and consume a portion of the wood to be charred. 

The dimensions of the pile depend on circumstances incident to the 
neighbourhood in which the charring takes place, but should in no case 
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be so considerable as not to admit of easy regulation of the temperature. 
Heaps of only 10 feet in diameter are often met with, but these are, 
generally speaking, inconveniently small, and piles of from 30 to 40 feet 
across the base are, therefore, sometimes preferred. 

In arranging the billets around the central stake, care is taken to leave 
at tlie bottom a small channel extending from it to the exterior of the 
pile, and by means of this the fire is communicated when it is finished 
and the external covering has been w’ell pressed down. Sometimes, 
instead of leaving this opening, the central stake is replaced by three 
pieces of cleft wood so arranged and tied together with bands of green 
branches as to form a kind of chimney by which fire may be communi- 
cated ; and in this case a horizontal passage becomes unnecessary. 

AVlien the pile is completed and the covering securely packed down, 
fire is communicated to the centre of tlie mass, either by throwing lighted 
charcoal down the vertical chimney, or by introducing it through the 
horizontal gallery. For the purpo>e of facilitating ignition, the wood 
placed immediately around the stake consists of half-burnt charcoal 
resulting from a preceding operation, wliich is picked out for tliat pur- 
pose as being more combustible than ordinary wood, of wliich the otlier 
parts of the stack are composed. When the licap lias been ignited, the 
hole by which the fire has been introduced is closed with turf and earth ; 
and the fir^^t period, during which the moisture is expelled from the wood, 
commences. 

At this stage great attention is necessary to prevent the explosion of 
the heap, from the ignition of a mixture of atmospheric air with the in- 
flammable gases produced by the dry distillation of wood. During the 
w^holo of tlie sweating period, large quantities of yellowish-grey smoko 
escape, particularly from the uncovered space at the base of the mound, 
and the interior of the covering becomes moist from tlie condensation of 
aqueous vapour expelled from the wood liy the action of lieat. When 
the colour of the smoke issuing from the mound has been observed to 
change to a light grey, without any of the yellow tint before mentioned, 
the burner closes the open annular space at the base, and the charring 
period commences. 

The covering of sods now requires to be repaired, as the central 
stake and the dry wood in its vicinity will have liecome partially con- 
sumed, and have caused a sinking of the toj) or cap of the jiile. The 
upper part of the covering is, therefore, rapidly removed, the cliarnul 
wood forced down by means of a long pole into a compact mass, and the 
cavity thus made immediately filled with frcth logs. The covering is 
now replaced as quickly as possible, and any crevices wliich may 
have occurred in it from the sinking of any part of the mound are 
stopped without delay, as they would otherwise, by admitting atmos- 
pheric air, cause the combustion of a portion of the wood. The pile is 
now left to itself for some days, except that small holes are from time to 
time made in the covering, from four to five feet above the ground. 
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This is done chiefly for the purpose of allowing the escape of tarry 
vapours and not to admit the requisite amount of air, which enters 
mainly by openings made round the base of the pile. 

The dimensions of the pile have, at this stage, become considerably 
reduced, and care must be taken to observe whether it has equally dimi- 
nished in all its parts, or if some portions of its surface have sunk, whilst 
others are in their original condition, thereby giving an irregularity of 
outline. 

If such be the case, the charring has been badly conducted. This 
may to a certain degree be obviated by covering the sunken or more 
perfectly carbonized parts with an additional layer of sods, and by means 
of an ai>erture made in the raised portion the draught may be increased 
in that direction. 

Towards the end of the process, when the wood in the interior of the 
pile has become perfectly carbonized, it will be found necessary to adopt 
means to effect the charring of those portions which are in immediate 
contact with the movable covering. In this direction the wood is so 
cooled by radiation and by the condensation of aqueous vapours as to 
escape carbonization ; and the workmen, therefore, accelerate the draught 
in this portion of the heap by making a second series of holes in the cover- 
ing, parallel witli those which have before been described, but at greater 
distances from one another. These are allowed to remain open until the 
smoke that issues from them is seen, by its blue colour, to be free from 
watery vapour ; and, when this period has arrived, they are closed, in 
order to give place to others made at a short distance below them. Holes 
for this purpose are never made in the crown of the pile, as the draught 
is naturally in that direction ; but in very large mounds, three or even 
four successive series of openings are not unfrequently made at diffe- 
rent heights above the surface of the ground. The time necessary for 
the operation chiefly depends on the size of the pile. Small piles are 
generally carlx)nized in from six to fourteen days ; but if the diameter 
be more than thirty feet, a month will be required. 

If at the termination of the process the covering were removed, and 
the heap broken up while still hot, the access of air would cause the char- 
coal to ignite, and the whole would be consumed. On the contrary, if 
the covering were allowed to remain undisturbed until the mass had cooled 
down, so as to admit of its being removed -without danger, much time 
would be lost. The charcoal is therefore withdrawn in small quantities, 
and with suitable precautions. In order to do this, the burner lays bare 
a space of two or three feet at the bottom of the pile, and, with an iron 
crook fitted to a wooden handle, withdraws, one by one, the logs of char- 
coal. These, which are red hot when drawn out, are extinguished either 
with water or by being buried in sand or in damp charcoal-dust ; and as 
soon as the air begins to act too strongly on the exposed part, the open- 
ing is closed, and another made in a different part of the pile. This 
operation, which is repeated until tjje whole has been removed and extin- 



56 ELEMENTS OP METALLURGY. 

guished, is best performed at night, as the slightest spark is then visible, 
and the chance of loss from the ignition of the charcoal thereby reduced. 

In some parts of Lower Austria another arrangement is employed 
for the preparation of charcoal. This process is said to yield charcoal of 
a better quality than that obtained by the ordinary method. For this 
purpose the logs are laid together in the form of a wedge, as shown in 
fig. 3, of which the breadth is regulated by the length of the logs. Its 
length varies from twenty to thirty feet. The thick end, which is farthest 
from that at which the fire is communicated, is from seven to nine feet 
in height, whiLt the thin end is only about three feet above the level of 
the soil. Ill the erection of a heap of this kind, the burner commences 
])y driving stakes, a, around the parallelogram in which the logs are to 
be placed. These must project from the hurface so as to be of the same 
height as the pile at the points at which they are respectively driven. 
Their outline, therefore, in every respect corresponds with the form of 
the pile itself. 

These stakes are so placed as to leave a space all round tlie wedge- 
shaped heap of logs piled uithin the enclosure. The billets are usually 
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eiglit feet in length ; and tlierefore in order to allow a space of six 
inches bet'vvecn their ends and tlie sides of the enclosure, the latter is made 
about nine feet in width. I'he oj^ening thus left between the ends of 
the wood and the stakes is for the purpose of receiving the covering, 
which, on account of the perpendicular sides, could not otherwise be 
kept in its place. 

Slabs or pieces of cleft wood are now apjdied against the inside of 
the posts, and wet charcoal-duj»t or breeze is stamped down between them 
and the logs until the interval is entirely filled. When this has been 
done, the roof receives a covering of twigs, leaves, and, lastly, charcoal- 
dust and earth, wliich is moistened with water and well beaten dowm. 
In each of the longer sides of the heap a series of holes is made in the 
boarding, but these do not penetrate the charcoal coating ; and in the 
lower end a larger one, h, is left for the purpose of igniting the logs, 
wdiich is effected by first filling the aperture with shavings or dry wood, 
and then throwing some red-hot charcoal between the lining and the pile 
of wood. 
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When the fire has fairly taken hold of the wood, this aperture is 
securely closed, and other holes, about three or four inches in diameter, 
are made at a height of about fifteen inches from the ground, in the same 
end of the heap. As soon as the smoke issuing from these assumes a 
clear blue colour, they are stopped, and others made higher up in the 
pile, which in their turn are closed as soon as the fire has sufficiently 
advanced towards them. By this arrangement the wood in front of the 
pile is undergoing the charring process, while that placed behind is 
merely losing its more volatile constituents. When the operation is 
drawing to a close, it is found neces.^ary to open a series of holes in the 
sides of the heap just above the level of the soil, as by this means the 
chariing of the lower logs which constitute the bottom of the pile is 
effected. These, from their proximity to the ground, and the dampness 
deposited by the sweating of the wood, would otherwise remain as imper- 
fectly charred billets ; and therefore, to prevent this, a series of holes is 
(when the heap is first constructed) cut in the planking forming the 
sides. During the early part of the operation these are closed by the 
charcoal-dust, which is closely packed between the boarding and the 
wood to bo charred. But when the fire is required to descend to the 
bottom of the heap, tlie draught is made to pass in that direction by re- 
moving the damp charcoal-dust from before the apertures left in the 
planking. As soon as the logs in front of the pile have become per- 
fectly charred they are removed, and being thus withdrawn from the 
actiim of heat shortly after the operation is finished, they not only yield 
a larger amount of charcoal, but that produced is of better quality than 
is afforded by the ordinary process. 

In the operation of charcoal-burning the dry distillation of the 
greater j)ortion of the wood is effected by tlie combustion of a certain 
cjuantity, whicli may bo considered as the fuel necessary to produce the 
required heat. In order to conduct the operation with the greatest 
possible economy, no more air should be admitted than is absolutely 
necessary for the combustion of this amount of fiud, as aii}" further 
supply will cause more to be consumed than is required for tlie dry dis- 
tillation of the mass. 

Tiio success of these processes is also much influenced by the fact 
that the smoke and vapours, contrary to their natural course, are made 
to take a downward direction, which not only affords the workman the 
opportunity of attentively watching the changes which are taking place, 
but also gives him time for taking steps to prevent the access of too 
large an amount of air. Ordinary wood loses from twenty to twenty- 
five per cent, of its bulk during the process of charring ; and, conse- 
quently, the dimensions of the charcoal produced from a given quantity 
of wood are much less than those of the original pile before the applica- 
tion of fire. This diminution naturally tends to produce cavities between 
the fuel and its covering, which, if fonned, would become accessible to 
air, and thereby cause a useless consumption of wood. In the case. 
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however, of the movable coverings employed for this purpose, this 
inconvenience can seldom occur, since, in proportion as the size of the 
heap becomes less through shrinking, the covering will sink with it, 
and is, therefore, more effective in excluding the air than any fixed roofing 
which could bo substituted for it. 

The loss arising from the combustion of a portion of the charcoal is 
also diminished by the way in which the charring is conducted. The 
piles are always first lighted at the bottom ; and, consequently, the 
lower portions will liave become charred before those parts which are 
in immediate contact with the covering are much affected by heat. 
In this w'ay the charcoal which has arrived at the last stage of car- 
bonization will, by the heat which it evolves, cause the dry distillation 
of the wood immediately in its vicinity, which, from the combustible 
gases evolved and the burning of a portion of the wood, protects, by 
a zone greedy for oxygen, the portion already charred from further action 
of the air. 

All those methods of charcoal-burning have, however, the disadvan- 
tage of allowing the volatile constituents of the wood to escape, and these 
are more or less valuable according to the locality in which they are pro- 
duced. Various plans liave been proposed to prevent this loss. For 
tills purpose it has been .suggested that the covering of the pile should 
comiist of hurdles covered with clay, into which pipes for carrying off 
the volatile products could be fitted. Others have proposed that, instead 
of covering the heap with earth or sand, slaked lime should be employed, 
so as to combine 'with, and thereby fix, the pyroligneous acid, lloth 
these plans have, however, been found to fail, as the first destroys the 
flexibility of the covering, and the second retains but a small portion of 
the acid pro<luced. 

If the method of carbonization in long piles be resoited to, instead of 
those more usually employed, the gaseous and liquid pro<lucts of distilla- 
tion may be collected by an iron pipe placed in the higher end of the 
heap, which, being connected with a worm-tub filled with water, will 
discharge any product.**, uliich may be condensed, in the liquid form. 
In cases where the site of the pile can, from the facility of carriage 
afforded by a stream of wat(*r or otherwise, remain stationary, the heap 
may be built over a funnel-shajied pit lined with clay, which liaving at 
its lower part an inclined channel, either of iron or clay, conveys a por- 
tion of the impure acid and tarry matters into a reservoir, where they 
gradually accumulate. The time required for effecting the complete 
charring of a heap or mound usually varies according to its size, the 
dryness of the wood, the state of the weather, and other circum- 
stances. Charcoal-burning in large rectangular piles is extensively 
practised in some parts of Sweden, where the base is sometimes a 
square of about 20 feet, but is more frequently a rectangle of about 
20 by 25 feet. In China the carbonization of wood is conducted 
iu pits, provided with a chimney communicating with the bottom. 
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After being filled w itli wood, the top is closed by a covering of earth, 
and the necessary air is admitted through a channel opposite the chim- 
ney, which communicates with the pit half-way between its top and 
bottom. Five days after lighting, the smoke begins to give indications 
of the completion of the process, and, when it has become nearly trans- 
parent, the pit and chimney are both hermetically sealed. At the expira- 
tion of five or six days from the stopping of the chimney, the charcoal 
has sufficiently cooled to admit of the pit being uncovered for the pur- 
pose of its removal. “ Stockholm tar is made in a somewhat similar 
manner in Sweden and Finland from the root wood of pine trees. 

Manufacture of Charcoal in Kilns. — The kilns used for this 
purpose in the United Stiites of America are of three principal forms, 
namely, rectangular, cylindrical, and conical.^ The first of these is a 
rectangular chamber with an arched roof from 40 to 50 feet in length, 
12 to 18 feet in width, and about the same height to the spring of the 
arch, which has a rise of about 5 feet to its crown. The capacity varies 
from 55 to 90 cords of wood, and kilns of the latter size will yield, under 
favourable circuniotaucea, about 4000 bushels of charcoal. 

In the end walls are two doors, each about 5 feet square, the upper 
ones serving for introducing the Avood and the lower for discharging the 
charcoal. Three series of vent-holes, about 1 foot apart vertically and 
16 inches horizontally, are left in the lower part of the walls for the 
introduction of the necessary air and to allow of the escape of the various 
products of combustion and distillation. The walls, which are 15 inches 
in thickness, are strengthened at intervals by brick buttresses, and by 
bracings and tie-rods. 

The wood with which the kiln is cliarged is cut into 4-feet lengths, 
piled Hat, and as closely as possible ; four men are required to charge a 
45-cord kiln in one day. 'When the kiln lias been tired, the doors are 
closed and carefully luted with mortar, which is also employed for 
closing the vents as soon as the conden&ible products of distillation 
have escaped. 

The kiln may be lighted by a chimney left in the centre of the 
charge, or by a channel running longitudinally through the middle, 
opening at the two lower doors at the ends. The operation is easily 
conducted provided the walls are tight. The smoke which first issues is 
yellow, but becomes blue about the fifth or sixth day, when the vents 
must be hermetically closed. From four to eight days are required for 
cooling, which is sometimes accelerated by the use of water. This, 
however, to some extent deteriorates the quality of the charcoal. The 
whole charge can be drawn by four men in one day, but from 6 to 10 per 
cent, of imperfectly charred wood is found upon the floor. These brands 
may either be returned with the next charge or bo employed as ordinary 
fuel. The rectangular kiln is, however, going out of use on account of 

^ *On the Manufacture of Charcoal in Kilns/ by T. Egleston. Trans. American 
Institute of Mining Engineers, vol. viii. p. 373. 
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the difficulty of keeping it air-tight when of laige size, uhile small ones 
cannot be worked economically. 

The cylindrical kiln is a chamber of 2S feet in dinnieter and 12 feet 
in height, M*hich is sometimes very slightly coned. This is covered by 
a dome of about feet rise, and is bound with broad wrought iron rings. 

There are two principal openings — a circular one, about 5 feet in 
diameter in the roof, and a rectangular one upon the ground level A 
large portion of the charge is introduced by the lower opening, while the 
liigher one is used for filling the upper parts of the kiln. The whole of 
the charcoal is removed through the lower opening. The filling is com- 
menced by placing pieces of wood about 6 inches in diameter radially on 
the floor, leaving interstices between them as air-channels. Above these 
are placed about 2 feet of dry wood and hiaiuls, keeping a central space 
about 4 feet in diameter, which is carried to the top of the kiln to serve 
as a chimney. The wood, which is placed horizontally, is packed as 
closely as possible, and when no more can be put in through the low’er 
door, it is closed, and the charging continued from above. Shavings and 
brushwood arc tlien ])laced in the central chimney, while the horizontal 
and radial air-channels have been }>artially filled with the same material 
during the cliarging of the kiln. Fiom four to five men can charge a 
45-cord kiln in one day. 

The firing is effected by a long torch introduced through the bottom 
door, by wliicli tlie inflammable materials in the radial air-chnnnt*ls are 
ignited. Six, seven, or even ten days, according to the size of the kiln, 
are required for cliarring, and from four to six days, after closing all 
the vents, are necessary for cooling. The cliarcoal is discharged in one 
day. 

The objection of want of stability made with rt*gard to rectangular 
kilns applies witli even greater force to cylindrical one^ and they are 
consequently being given up in favour of a conical form, which has 
usually a smaller capacity than either of th<* two jireceding varieties. 
The u‘>ual diniension.s are 20 to 25 feet in diameter at the hube, with a 
lieight of from 20 to 25 feet, taking from 25 to 40 cords of wood, and 
having the w'alls so battered as to require no kind of bracing. These 
kilns, ill some cases, form a single truncated cone ; in others they are 
formed of a combination of two cones, of wliich the flatter forms a roof 
to the steeper one ; while, in a third variety, tlie walls are coned to a 
height of about 6 feet only, the remaining 14 feet being curved to the 
arc of a circle. The doors are ananged and the cliarging and discharg- 
ing conducted in a manner generally similar to that described for the 
cylindrical kiln. 

A kiln containing 35 cords of wood requires one day for charging, 
three days for cooling, and a day for discliarging. The yield of charcoal 
in the best-conducted establishments is about 50 bushels per cord, 
although in the case of hardwood it may sometimes be as high as 60 
bushels. The weight of the charcoal produced varies with the nature of 
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the wood used, white pine being 9*8 lbs. and the hardest sugar maple 
18*95 lbs. per bushel. 

In all ca^(‘s it is desirable to face the vents in these kilns with cast- 
iron, 'since witliout such a j^rotectioii the mortar in their immediate 
vicinity is rapidly act(‘d upon by pyroligneous acid. 

Wlien the collection of the volatile constituents of wood becomes a 
matter of great importance, the charring is conducted in stationary 
kilns or furnaces, from which they may be conveyed by proper appli- 
ances into receivers adapted for the purpose. Such kilns or furnaces are 
of two kinds. In the first, carbonization is effected, as in the case of the 
common charcoal pile, at tlie expense of a certain portion of the wood, 
which is consumed in order to ]>roduce the hert neces'^ary for the 
distillation and chaning of the remainder. In the second variety, 
the heat necessary for the dry distillation of the wood is not obtained by 
the combustion of any part of the charge of the kiln, but is, on the con- 
trary, raised by the expenditure of a certain amount of fuel, entirely 
distinct from that from which charcoal is to be manufactured. 

Figs. 4 and 5 represent a section and plan of one of the many kilns 
belonging to tlie first class. In this arrangement the air has access into 





4 — Charcoal Kiln ; veitical section Fig. 5.— Cnarcoal Kiln ; plan. 


the furnace through the grate, a. This kiln is partially filled through 
the door, b, and when the charge has been raised to that level, the 
remainder of the wood is introduced through the aperture, c, left for that 
purpose in tlie crown of the dome. When the charging has been com- 
pleted, the openings, b and c, are closed by doors or tiles against which 
earth is tlirown for the purpose of excluding the air. The wood is now 
ignited by kindling a fire in the ash-pit immediately beneath the grate ; 
and wlieii it has become fairly alight, the draught is regulated by a 
sliding door, (f. 

As soon as the walls of the kiln have attained a sufficient heat to 
complete the operation, the door, is closed, and the kiln left to itself, 
until the whole of the wood \vhich it contains has been converted into 
charcoal. The volatile ingredients escape llirough the aperture, e, and 
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are more or less completely condensed by passing through a series of 
tubes surrounded by water. 

The grate at the bottom of these kilns, instead of being made of 
iron bars, is a kind of trellis formed either of open brickwork or of 
j>erforated tiles ; and when the apertures of these are small, the firing 
of the charge is effected throtigh the door, When the operation 
is terminated, all the apertures by which air could be admitted are com- 
])letely closed, and the kiln is allowed to cool ; the charcoal being finally 
withdrawn thi-ough the door, 

Kilns of different constructions are in various places employed for 
the production of charcoal, acconling to this principle. Some of thc.so 
are made quadrangular, and, in fonn, nearly n'semble the boanled heaps 
before described. Two openings in the lower end, to which doors are 
adapted, serve for charging the wood and withdrawing the charcoal 
when made, while the requisite supply of air is obtained through aper- 
tures in the walls. The first row of holes is made on the same level as 
the ground on which the kiln stands ; the second at eighteen inches from 
the floor ; and the third at a distance of about three feet from the first. 

When the wood is placed in the kiln, a channel is constructed in 
the direction of its longer axis, which corresponds with a door at the 
lower end of the brickwork. ]>y this opening fire is communicated to 
the charge, and as soon as ignition of the mass has taken place, the door 
by uhich it was lighted is closed. As the process proceed-', the aper- 
tures are successively closed hy plugs of clay, and wlien the operation 
has been completed, the whole of the exterior surface is covered with 
clay. The gases and other volatile ingredients o>caj)e through a pijHJ 
placed in the higlier end of tlie kiln for that j)urj>osc, and when the 
charge has become completely cliarred, it i.s allowed to remain untouched 
until it has grown nearly cold. In large kilns of this description, the 
cooling often occupies several days, since, if they were opened before 
lieing reduced to a proper temperature, the air, on coming in contact 
with red-hot charcoal, would cause it to 1x3 consumed. 

A[)pliances of the second kind, «>., where the lieat necessary for char- 
ring the charge is applied from without, are employed chiefly where the 
eliarcoal produced is of less value than the tar, pyroligneous acid, naph- 
tha, and other volatile ingredients, and are therefore scddom used by the 
metallurgist for the preparation of the fuel he requires. Coniferous 
woods yield the largest amount of tar, and are consequently those most 
frequently subjected to distillation when the production of that substance 
is the impf>rtant consideration. The arrangements by which kith tlio 
tar, &c., and cliarcoal may be made available are extremely various, but 
one of those best ada]>ted for the j»urpo‘‘e consists of a cast-iron cylinder, 
so set in brickwork that the flame and strongly-lieiited gase.s escaping 
from a fireplace Ixjlow may circulate freely around it. The woojI to be 
charred is placed in the cylinder through an opening wdiich can be her- 
metically closed. This is done by a luted door, and the vapours arising 
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during the distillation are conveyed by an iron pipe into a worm-tub, 
where those products which are capable of assuming the liquid form are 
condensed. When the wood in the retort ceases to give off tarry vapours, 
the luted door is removed, and the charcoal is withdrawn by rakes. On 
being withdrawn from the retort, it falls into sheet-iron cases, which, 
being furnished with closely-fitting covers, prevent the combustion of 
the red-hot charcoal, and in these it is allowed to cool. By a more 
recent improvement in the construction of retorts of this description, the 
non-condensable gases issuing from the wood in process of charring are 
made to afford a portion of the heat necessary for carrying on the opera- 
tion. This is done by conducting the vapours, which escape condensa- 
tion on passing through the worm-tubs, under the bottom of the vessel 
in which the wood is heated. When this arrangement has been raised 
to a certain tempemture by a fire placed under the retort, and consider- 
able quantities of combustible gases are evolved, they become ignited on 
coming in contact with the flame from the grate, and thus afford sufi&- 
cient heat for completing the operation. 

The average weight of charcoal produced by the pile or stack pro- 
cess from ordinary wood amounts to about 22 per cent. When the dis- 
tillation is carried on in close ovens, this quantity is frequently increased 
to 27 per cent.; but as about 5 per cent, is required for heating the oven 
or retort, tliis method in reality affords results very little superior to those 
obtained from the common charcoal mound. 

Mushet, who made a series of experiments on the amount of charcoal 
yielded by different kinds of wood, obtained the annexed results. This 
investigation was conducted on a small scale, and the w^oods, before being 
charred, were thoroughly dried, and pieces of each sort selected as nearly 
alike in every respect as possible. One hundred parts of each kind were 
employed, and resj)ccti vely yielded the following amounts of charcoal : — 


Per cent. 

Lignum Vitae afforded 26*0, of a g^eyi^h colour, resembling coke. 
Mahogany „ 25*4, tinged with broum, spongy and porous. 

Laburnum ,, 24*5, velvet black, compact, Aery hard. 

Chestnut „ 23 *2, glossy black, compact, firm. 

Oak ., 22 ’6, black, close, very firm. 

Walnut „ 20*6, dull black, close, firm. 

Holly 19*9, dull black, loose, and bulky. 

Beech „ 19 9, dull black, spongy, firm. 

Sycamore „ 197, fine black, bulky, moderately firm. 

Kim „ 19*5, fine black, moderately firm. 

Norway Pine „ 19‘2, shining black, bulky, very soft. 

Willow „ 18*4, vehet black, bulky, loose, and soft. 

Ash ., 17 '9, shining black, spongy, firm. 

Birch „ 17*4, velvet black, bulky, firm. 

Scottish Pine „ 16*4, tinged with brown, moderately firm. 


The specific gravity of charcoal varies with the nature of the wood 
from which it is manufactured, the denser varieties usually affording the 
heaviest charcoal, and vice versa. Hassenfratz, who has made careful 
experiments on this subject, gives the following specific gravities for dif- 
ferent kinds of wood-charcoal, interstices included ; — Alder, 0*134; birch. 
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0*203; white beech, 0*183; oak, 0*155; red beech, 0187 ; and red fir, 
0*176. Knapp, who made his experiments on a large scale, found the 
following numbers as the weight of a cubic foot of various kinds of wood- 
charcoal : — Bocch-wood charcoal (split wood), 8 to 9 lbs. ; charcoal from 
split oak wood, 7 to 8 lbs. ; pine wood, 5*5 to 7 lbs. ; of the softer kinds of 
wood, 4*5 to 5*5 lbs. 

The charcoal obtained from wood by the methods above described is 
not pure carbon mixed with the inorganic constituents of wood, and on 
being sti*ongly heated in a closed platinum crucible, a considerable loss of 
weight is experienced tlirough the expulsion of volatile matter. 

The analysis of beech-wood charcoal ])roduced by the ordinary mound 
process afforded Faisst the following result'^, exclusive of ash : — 

H,0 7*23 

C 88*89 

H 2*42 

OandX ‘ ! 1-46 

Ash = 3 02 per cent. 100‘UO 

Charcoal has also the property of absorbing considerable quantities of 
water from exposure to the air. Allen ami Pepys found that by a week's 
exposure to a moist atnio.<]’hore the charcoal of 


r r cent. Per cent 

Lignmn Vitag gained in . 9*t) Beech gained in weiLdit . . 16*3 

Fir 13*0 Oak 1H5 

Box 14 0 Mahogany . . . ]8 0 


Common charcoal when kept in store contaill^, oii an avtr.i^f, ab )ut 
12 per cent, of hygroacopic water. 

In addition to it> facility f«;r taking up aquerms va[»<»iirs, cbarcoal 
possesses the property of ab.>orbiiig large quantities of any ga') by which 
it may lx* surrounded. 

The following table indicates the number of volunn*.'5 of dilb^reiit ga^«‘.s 
which one volume of ciiarcoal i.s capable of absorbing : — 


XH 3 . 

, , 


. 90 

CO . 

. 9*42 

HCl . 



. 

U 

. 9-25 

80 . . 



. 65 

N . 

. 6*50 

II 0 .S . 



. 55 

H . . . 

. 1 *25 

CO^ . 


. 

. 35 




Peat-Chakcoal or Peat-Coke. 

The cbarcoal obtained from |»eat is subject to di.sadvantages which 
prevent its general apjdication to metallurgical purpo.‘<<‘.s. In the first 
place, peat usually contains a large amount of ash, and yields only from 
24 to 30 per cent, of cbarcoal, whicli must thcn*fore yield a very largo 
proportion of earthy matter when burnt, and is thus rendered uselcs.s for 
many operations to wliich it might otherwise be advantageously apjilied. 
If we suppose, for example, that a variety of peat contains 10 per cent, 
of incombustible matter, and affords 25 per cent, of coke, it is evident 
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that the cojce thus producetl would contain no less than 40 per cent of 
ash, wliich would render it unfit for many of the purposes for which, if 
more free from ash, it might be employed. Besides this, it is found 
impossible to transport })cat-charcoal to any considerable distance from 
the place where it is prcjiarcd, for, being extremely friable, it soon falls 
to pieces, and is thereby rcMulered worthless as a fuel. In blast-furnaces, 
where it has to sustain the weight of the charges above it, this charcoal 
is found to crumble and choke the blast, and it can therefore be employed 
only under steam-boilers, in forge fires, or in reverberatory furnaces. 

CuARRiNG IN IIkaps. — F rom the circumstance of peat being generally 
cut in the form of rectangular bricks, it admits of being piled so as to 
leave but few interstices between the blocks ; and from being less readily 
combustible than wood, the heaps in which it is prepared require a less 
perfect covering, and may be built of smaller size. The heaps commonly 
employed for making peat charcoal are from seven to ten feet in diameter, 
and four feet in height. After a projier situation has been selected for 
the mound, a jiost is driven into the ground, and around this the blocks 
of turf are jdaced in concentric rings. At the bottom are four channels, 
made of the thickness of a brick, for the purpose of admitting air into 
the arrangement. These, which are at right angles to one another, com- 
mencing at the central stake, and terminating at the periidiory of the circle 
ilescribed by the base of the mound, arc subsecpiently used for regulating 
the rapidity of the carbonization. When the jieat has been properly 
arranged, the mound is first covered with an inner layer of moss or leaves 
and by an outer covering of sods or charcoal-dust, which is well packed 
down to exclude the air. Some dry wood for igniting the mass is then 
])laced at the bottom of the stiike, and the fire is coinmunic.itcd through 
one of the channels before de'scribed. By the alternate opening and 
shutting of these, the combustion is equally etrected in all parts of the 
mound; and as soon as flame begins to appear fiom the crown, which for 
a small .sj)ace around the stake is left uncovered, the oj)ening is closed 
with turf and earth, and the comjdetion of the charring accomplished by 
means of holes made all round in the covering, which, commencing near 
the top, are brought down by six inches at a time until they reach the 
bottom of the heaj). In this process, as in that of charring wood, the 
progress of the operation is known from the colour of tlie smoko evolved. 
Knapp states the produce in charcoal of the mounds examined by him 
to have been as follows : — 



Peat, not completely air-dried . 

H air-dried .... 

„ from Pfnngatadt, very dry 
„ of good (jualitv, quite dry 
tt from the Siegeii district, very good 


1 Gave per ccut. 
lu Weight. 

Gave iMjr cent, 
lu Volume 

24 

27 

27 

32i 

80 

29 

85J 

49 

23 

40 
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Tlie peat is only witiulmwn from the mouml after beinj allowet] ^ 
cool down to a pro|)cr tom|)erature, as the of water for quenching it 
is objectionable on account of the facility with which the n*sulting char- 
coal becomes rediiceil to powder. The aiuount of charctwil furuishe<l by 
peat when the experiments arc made on a small scale is usually greater 
than those above given, as there is then less sustaiiicnl fn>m the 
crumbling nature of the product. 

Charring in Ovens. — Although the pnxluet <»btanied fn»m carlnmira- 
tion in ovens is not much gwater than that yiebh’d by llie 4»niinary pr»v 
cess, yet the supply of air and the rapidity of charnru: an* mon^ easily 
regulated, and consequently the opemtion is wuivsnti^ticU^rilv condiirted, 
when ovens are emjdoyed. 

One of the forms given to these ovens is that use*l at the manufactory 
of arms at ()bemdorf, in AVurtemberg. Thc'.e ovens liave the form of 
an upright cylinder 9 feet in height, and an‘ rlosctl at the to|> by a 
dome, in which an aj>ertnre i< left for the convenience of charging. 
This cylinder is 5J feet in diameter, niul has a rii<‘d>nck lining 15 
inches in thickness. This is 8urr4>uuded by the same thick tn*ss of 
sand, which is enclosed between the lining and anoib<*r 15-nich wall, so 
that the entire thickness of the sand and walls togetluT is 45 inches. 
Above the floor of the oven are three tiers of air-holes ma»le by inserting 
pieces of musket-barrels into tin* wall, w’hich may be closed by »top|H'rs 
from the outside. 

The door for drawing the charcoal is placed on a l<'Vt‘l with the floor, 
and is closed by an iron slab, against which saml is thrown for the pur- 
pose of excluding the air. On charging the oven, a channel is left 
through its axis for tlie convenience of igniting its contents, winch is done 
by throwing lighted charcoal down tiie chimney thus made. At the 
commencement of the operation both the charging hole nnd lower vent- 
holes are left open, but as soon a<i the j>eat becomes wlnle hot thi* fonner 
is shut by an iron ])late and covere*! with saml. The lower air-holes 
are at the same time closed, and those which ar»* j»lacf‘fl n<‘Xt above them 
opened. AVhen smoke has cea.sed to Ik* given off, the wjjole of the 
apertures mu.-t be closed, and the funiace ami its con tents an* allowe^i to 
cool togf'tlier. The coking process is comph*ted in from thirty forty- 
eight hours, hut the oven is seldom fit to <lmw in le«iH than six days 
after closing the air-lioles. For this reason a w*rie-s of ten ovens is 
employed, in order to allow of one lieing charg4'<l and another drown 
every day. 

Instead of effecting the coking of one portion of the jH*at at the 
expense of another jKirt con.sumed in the same funiace to ohUiin the 
iiece.ssary elevation of temp'ratun*, it is sometimes subjccNd to dry 
distillation in a kiml of retort spjcialiy adapUsi to that purp>se. At 
Crouy-sur-Ourcq, near Mcaux, an apparatus of this kind was formerly 
employe<l, but we are not aware whether it is still in op‘ration. Fig. 6 
is a sectional view of this arrangement ; a is the cylindrical coking 



l^UEL 


67 


chamber, the walls of which are heated by the flame and hot air passing 
through the intermediate flue, h This space itself is divided by par- 
titions of fire-tiles into three stages, through the apertures of which the 
hot air from the fires, c, ascends and beats the coking chamber. In order 
to avoid loss of heat, a cylindrical hollow space, ef, is left in the outer 
wall of the kiln, which, being constantly full of stagnant air, tends to 
prevent the cooling of the apparatus. The peat is introduced through 
the opening at/, which, as soon as the charging is finished, is closed by 
an iron plate, and thickly covered with ashes or sand. The flue from the 


fire-place opens above this aperture, and its out- 
let is provided with a movable iron cover, in 
which there is a hole for the escape of the pro- 
ducts of combustion. The bottom of the kiln is 
closed by an iron plate, //, which, being attached 
to the iron rod, 1 , may be withdrawn or replaced 
at pleasure. When the carbonization is com- 
pleted, this plate is withdrawn, and the charcoal 
allowed to fall into tlie chamber below. The 
volatile products which are generated during the 
process are carried off by the pipe, c, and con- 
ducted into a condensing apparatus. 

The gases which esca]>e from this arc con- 
veyed by metallic pipes into the fire-places, c, and 
being there consumed, yield a portion of the heat 
necessary for carrying cm the operation. The 



product of charcoal obtained from this furnace is larger than that 
produced by tlie methods before descril)ed, but from the impact it 
receives in falling from the retort to the chamber beneath, it frequentiv 
become.s much broken, and is thereby rendered to a certain extent less 
valuable tlian if obtained in larger masses. 


Mr, Ar ignoles, in the year 1849, patented a process for charring peat 
by steam superheated to the melting-point of lead or tin. “ Peat, in the 
state of pulp, is thrown in a mass into a cylindrical drum-shaped vessel, 
divided, if necessary, into compartments, which is caused to revolve with 
great rapidity on its axis \ the requisite velocity being such as shall 
drive off the water or other fluid from the solid parts of the peat or turf 
by centrifugal force.” The axis of tliis cylindrical vessel should be 
vertical, and the cylinder should be from 6 to 10 feet in diameter, and 
from 1 J to 2^ feet in depth. The external surface is composed of wire- 
gauze or perforated sheet-metal, of which the apertures should be of 
such a size as to retain the imrticles of peat, whilst tlie water escapes 
freely through them. AVhen the peat, ns obtained from the bog, is not 
sufficiently pulpy, it may bo readily reduced to the state of a nearly 
homogeneous mud by the operation of edge-stones or a pug-mill. AVhen 
a sufficient amount of water has been expelled by this process, the peat, 
in the form of a coherent mass, is removed and moulded into blocks. 


68 


ELEMENTS OF MKlALt.UKUi. 


These ere uitroduced into iron cylinders, into which suporhoatctl 
steam is aJiuitteJ at a pressun* of from 45 to 60 lbs. per stjunro inch. 
Tlie charcoal thus pivdiioed is stated to bo eiiual to ^Ms-coke ; but this 
process, although trietl on a large scale and at great expense by the 
inventor, never came into pri\ctical use. 

Tile (juality of the charcoal obtained will necessarily vary in accord- 
ance with tlio nature of the peat from wliicli it has been prepared. A 
fibrous peat afl’ords a spongy charcoal, while a more compact variety 
yields a product of better iiuality. In all cases, however, the charcoal 
obtained from peat is friable, and incapable of susUining liai idling or 
moderate pressure without crumbling. This defect would be alone sutTi- 
cient to render it unsuitable for general metallurgical purjxises, since, 
in the first place, it could not be transported to any ccuisiderable distance 
without great waste, and, in the second, it wouhl be inca]>ablo of sup- 
porting the pressure to which fuel is subjected in the blast-furnace. 
CharcOvil prej>ared fixnn jx‘at which has been mucli reduced in bulk by 
compression is, to a certain extent, free from this defect ; but the pre- 
liminary pi*ocess geiier.dly increase'> the co.st to such an extent as to pre- 
clude its profitable application. >\»twithstan<ling that jH‘at was. according 
to Carlowitz, charred m pil**.s as far baek as 1712, and peat-charcoal 
was made in tlie Ilarz, a> V(gcl infonns us, in 1735, none of the 
attempts which have liiiherto l>een made to utilize tliis fuel have been 
practically successful on a large scale. 


Coke. 

The corabu.stible residue which remains after the volatile constituents 
of bituminous cojU have Ijceii eliminated by the action of loMt is called 
coke. In preparing llii> material, as in the manufacture of ( lifircoal, one 
of the chief o’ojects is the pnMiuctioii of a fuel whicii shall be more 
suita])le, for certain purp*>.-es, than the coal from wiiich it is pr^Hliiced ; 
the eliminalion of a large |>ortif»n of tlie .-ulijliur present in the original 
fuel is, at the same time, acconi[»li'>he4l. 

We are without pn^ci>e infoniiation with regard to the date when 
coke wu.'i find employed. It is, however, reasonable to conclude that 
w’hen, on account of its increasing consumption, wood became scarce and 
expensive, attempts would Ihj made to extract from pit-coal a material 
which might be advaiittigeoualy einjdoyed as a siib.stitute for ordinary 
charcoal Tlie fir.-»t ex]tcriment would be to subject coal to a process 
similar to charcoal- burning, and in this way a fuel w'ould be produced 
of which the practical value must have bein quickly apjireciatcd 

Coke was emjiloyed in Derby.shire for drying malt about the year 
1640. In Plot’s ‘‘History of SlafTordshire (1686), it is stakd that 
coal was charred in the same manner as w'ood ; tliat coal so prej>ared w’as 
called “ coak/’ and was capable of producing a heat almoist as strong us 
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ihai afforded by charcoal. Swedenborg, writing in the year 1734, says 
that in certain districts in England coke was employed in the smelting 
of iron, hut that its use was not brought to perfection. IL de Genssane, 
in his “ Trait6 de la Eonte des Mines par le Feu du Charbon de Terre 
(Paris, 1770), describes and gives drawings of ovens erected at Sulzbach 
by the Prince of Nassau for the preparation of coke. This arrangement 
consists of a series of brick muffles or retoits set in a row, in which the 
coal is distilled by tlie heat obtained from independent fire-places. The 
products of distillation were also collected, and are recommended for 
lubricating cart-axles and for burning in lamps. 

In a work published in 1774, M. Jars gives a drawing of nine kilns 
employed at Newcastle for destroying the sulphur and reducing coal to 
cinders and ** coaks.*’ 

Until comparatively recent times coke was most frequently prepared 
by burning coal in piles or heaps, and even at the present day this 
method of coking is still practised in certain districts. 

Good coke should possess sufficient solidity to enable it to withstand 
the pressure of a blast-funiace without crushing, and is of little value 
unless obtained in large prismatic piece*?, not liable to crumble and form 
dust. From the difference observed in the properties and composition of 
coals, it is evident that all cannot be e<[ually fitted for the manufacture 
of coke, and it is therefore necessary to select such as are best adapted 
for the purj)ose. 

The nature of the coke produced from any particular variety of coal 
is also considerably intiuenced by the method of its preparation, as well 
as, in a certain degree, by the nature and amount of the ash existing in 
the coal from wliich it is manufactureiL Coke w’hich has been made in 
large quantities is usually better in quality than that manufactured on 
a more limited scale ; as, from the weight of the mass operated on, the 
j)rothu‘t will ho more compact than when smaller quantities are usecl, 
wdiilo, from the high tempei-ature obtained, the volatile ingredients will 
be more perft‘etly driven off. When the ash contained in the coal is 
fusible, it melts and forms a kind of cement for the particles of coke, 
wdiich is thereby rendered more compact and less liable to be cnished 
by pressure. 

From the circumstance of coal being continuously raised in the same 
localities, the manufacture of coke is usually carried on by means of 
stationary arrangements, and, from its being but slightly inflammable 
and requiring a good draught to effect combustion, its production even in 
the open air becomes an easy operation. 

Carbonization in Heaps. — The earliest method of manufacturing 
coke, and one still employed at the present day, is carbonization in heaps. 
When tliis process is resorted to, no external covering of the mound is 
used ; and tlie coking, wdiich is at first carried on with free access of 
air, is finally checked by the application of a coating of breeze when coke 
has already been produced. The coke-heap is alw’ays erected on the 
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same station, which soon becomes covered witli a siiiriciunt amount of 
brecz6 for the purpose for wJiicli it is used. 

Instead of jimkin^ round heaps, like tlie onliniiry J)ile for the pro- 
duction of charc(»a], a Jong, rectangular pile is generally prtlorretl, ns by 
this means a much larger amount of coal can bo i>j>emteil on at one tune. 
The length of tlie-e heaps is frequently from ir>0 to 200 feet ; an<l, in 
order to erect them, a line is first stretched in the direction of the axis 
of the heap throughout the whole length of the ot)ke stalion. 
pieces of coal are now placetl on either side of this, so that by coming 
together at the top they form a triangular gallery, running the wliole 
length of the intended heap. In making this central channel, it is im- 
portant the fragments should be so placed as to bo nearly u])riglit in rela- 
tion to the layers of deposition, while the ]arg<‘r surfaces should be at 
right angles to the axis of the heap. A second serie.s of blocks of coal 
is then placed on the first, and these are again covereil with oth<*rs .‘•inii- 
larly arranged, but of gradually decreasing >izc, until the heaf> has 
attained a width of 6 feet on either side of tin* central channel. 
The wliole is now cover(*d with a coating of smaller coal about 2 feet in 
thickness, arranged Avitlumt any regard to its fuliation, although cure is 
taken tliat the larger fragments be placed on tb(‘ shies of the nu)und, the 
top Udiig covered witli coal-dust only. In order to ignite the lienj), 
vertical stakes are placed at regular intervals along the centnd clianncl ; 
and these, btung .sub'Cipn-ntly witlnlrawn, leave a of cliimnevs into 

which buniimr coals an* intr(».luccd. The tire i.^' thus comiinmicatcd to 
tlie ina-s in so many jtoints at the same lime, that i'.:niiion soon lu'comes 
general and coking coniinenres throughout its wlmle extent. 

The {M-rson in charg'c of the operation lia.s to juvvent the action 
from advancing too far, and as soon as he ol»ser\('s that tim-k siiekc* and 
flame have ceased to be e\olvc<l from any particular part of the heap, 
and that it begins to get Ctivered with a coaling ash, he j)re vents 
further action by covering the flame witii damp breeze, wliicli, ]>i*ing closely 
packed down, prevents the entrance of air, and (piickly tleailens the (in*. 
As the coking advances this repeated until the wi»(»ie heaj> i.s cftven*<l, 
when it is allowed to remain two or lim e days to coo] ; can* being taken 
to supjJy it with a thicker covi-ring on the side \Nliieli i.'> expo.sed to the 
wind than on that opjnjsite to it. When the fire has become nearly 
extinguished the coke is withdrawn, and subacrpiently cooled by the 
use of water. This methoi of making cuke, altliough simple, is far 
from economical ; for iin'isinuch as tlie charring is most active on the 
outer and ujiper parts of the heap, and gradually proceeds towards the 
central and lower portions, it follow.s that the surface is cok(*d before 
the central parts are reached, w'hich must, however, be fully charred 
before the air can be excluded. The outside of the pile is therefore 
burning to waste without the possibility of prevention, while the lower 
and central portions are comparatively little acted upon. 

CoEiNO IN Mounds. — A more economical method of making coke 



than that above described is represented by the annexed woodcut, fig. 7. 
A cliininey of about three feet in diameter at bottom is loosely built 
with bricks on tlie coke- 
liearth or site of the in- 
tended mound, na The 
brickwork of tin's flue lias 
a number of holes, h, 
made by leaving out a 
brick liere and there, and 
the ii]>})er part, which is 
made of solid work for a 
sliort distance near the toj), is provhled with an iron cover. Around this 
chimney the coals to bo coked are placed in a slightly inclined position; 
the largest ma'^ses being piled nearest the centre of the mound, and the 
dimensions of the pieces gradually reduced towards the outside. A 
mound of this kind is generally about twenty live feet in diameter, and 
live feet in height; and vlien completed, its surface, except round the 
bottom, to llie heiglit of about a foot, is coveied witli a coating of damp 
cokc-dust four or live inches in thiekne».s, which is well packed for the 
purpose (jf excluding the air. A shovelful of burning coal is now intro- 
duced through the perj)eiidicular chimney, which soon communicates 
with the mound through the apertures, h, and the mass gradually 
becomes ignited, beginning from the bottom, and from thence spreading 
in the diiectiun of the covering of breeze. 0])ening« in the foot of 
tlie mound, wliere tiic*ie no covering, admit of a certain quantity 
of nir passing through and ev.ipiiig by the chimney. At the expimtion 
of four or live da}s the lire will have reached the covering, which 
becomes led hot The U‘p of the chimney is now closed ]>y an iron 
plate, and the wlmle suiface of the mound, including the uncovered 
space around the foot of the pile, is at the same time .secured l)y damp 
tightly comjjressed coke dust. After being allowed to remain for two or 
three days the coke will have sufliciently cooled, and may be drawn and 
quenched with water. 

In some localities no covering is appJie<l to tlie^e mounds, and when 
tlie burning coals are thrown into the central aperture, combu.^tion is 
carried on by the air, which on all sides enters freely thwugli the cre- 
vice.s occurring between the fragments of coal of which it is composed. 
AVhen any pint of the mound becomes coaled with ash, it i.s immediately 
covered with damp breeze to protect it from further action, and as soon 
as the whole surface is thus protected, the iron jdate is placed on the 
top of the cliimney and the mound allowed to cool. 

liy this meth(Hl a less percentage of coke is produced than is obtained 
from that now to bo described, but it lias still some advantages over the 
ordinary heap. 

Coking in Kectanoulah Kilns. — This method of coking has for many 
years been practised in Upper Silesia. Tlie kiln consists of a rectangular 
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enclosure (figs. 8, 9, and 10), about 60 foot in length by 15 feet in width, 
outside measure, which is floored with flre-hricks set on edge, beneath 
W’hich is a layer of furnace-slag broken small, whereby proper drainage 
is seemed. The inner surface of the walls, which are 5 feet in lieight, 
and, laterally, 8 feet apart in the clear, is lined with fire-brick, whilst 
the outside is constructed either of on.linary hiick or rubble-work. In 
eacli of the lateral walls, a, is a series of openings, r, two feet apart, and 
the same distance from the floor-line, so placed tliat those on the one 
side are respectively opposite to tho.se in the o])posite wall. From each 
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Ftij. S.— Rect.uigul ir Kiln , side elcv ttluii 



Fijf. 10 — Rcctin^lar Kiln ; » q < tiou on the hiiu A B (aftei filluirf) 

of the openings, r, is a vertical chimney, ascending to tlie top of llie 
wall. In order to cliarge a kiln of this de.scription, one of the o[M*nings, 
€, in the end, is clo.sed by brickwork, jdastensl wdth clay, whih* througli 
the opp<^)hite one tlie .small coal or slack h uheele<l in and spread over 
the liottoin, wliero it w,iter(‘d and stanijMsl into a lay(*r r<‘aching to the 
lower edges of the o[K»ning'<, r. Wooden poles, six inches in diameter 
at the one end and four at the otleT, are now inserted in tlie lateral 
0 j>cuing 8 on one side, in such a w^ay that their smaller ends rest in the 
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corresponding apertures in the opposite wall. “Wetted slack is afterwards 
thrown upon the pieces of wood and carefully stamped down, and the 
kiln is then filled up with damped slack, of which every layer, of from 
six to eight inches in thickness, is consolidated by treading. When the 
whole of the slack has been introduced, it is covered with a thin layer of 
coke-dust or cla}^ and the opening in the end of the kiln, through 
wliich the charge has been brought in, is built up with loose bricks and 
plastered with clay. AVhen this has l)een done, the pieces of wood are 
carefully withdrawn in the direction of their larger ends, and in this way 
a series of channels is formed which is essential to the success of the 
operation. 

llefore lighting, all the chimneys on one side are stoptxjd by placing 
a brick, d\ on the top of each (fig. 10), those on the other side being left 
o|)en. On this side the draught-holes are stojiped by bricks, c', the holes 
on the opposite side being open. The kiln is lighted by means of chips 
and shavings of readily inflammable wood, inserted in all the unclosed 
openings, c, and a current of air is established, w’hich traverses the channel 
in the direction indicated by the arrows. Six or eight hours after light- 
ing, Ilje lire will have readied tlie opposite ends of the channels, when 
tlie chimneys on the left, d\ and the holes on the right, c\ must be 
opened ; at the same time the chimneys on the right, </, and the draught- 
h(»le.s on the left, r, must be closed. According to the state of the weather 
and the quarter from which the wind is blowing, the direction of the 
currents through the coal may he changed every two or three hours, and 
should the coking be found to proceed irregularly, it may be expedient 
not to change the direction of the currents in all parts of the kiln at the 
same time. 

The work of the coko-luirner con-hts chiefly in keeping open the 
transverse channels throngli tiie coal, and for that purpose he is provided 
w'ith a slemler iron rod w’hii h is somewhat bent at one end. When a 
channel ha.s once become sli>pped, conshlerable difliculty is often experi- 
enced in re ojiening it ; ami if >everal of the neiglibouring channels are 
closed at the same time, the jwogress of tlie operation is locally arrested 
and the results obtained are unsatisfactory. Any cracks which, during 
tlie operation, may occur in the covering on the top of the coal must be 
carefully stopped, ami in windy weather the draught through the kiln 
must be ri'gulated by more or le^s comjiletely closing the various chimneys 
ami draught holes. On a judicious regulation of the draught will very 
much de|H*nd tlie quality as well as the yield of Cv>ke obtained. 

Under ordinary circumstances, the process w ill be eompleted in from 
eight to ten days. Tliis is indicated by the escape of white flame from the 
chimneys, and by tlio resistance experienced on the insertion of an iron 
rod through the covering of the kiln. The openings are now all care- 
fully closed and ])lastered wdtli clay, and at the expiration of from two to 
three days the wall, stopping one of the ends, is taken down and the 
coke extinguished and removed. By this method of treatment some 
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varieties of Silesian coal are stated to }’ield 80 cent, of coke, which is 
more like charcoal in structure than that made in ovens. 

In 1851 Mr. E. Rogers of Ahercarn communicated a paper to the 
Institution of Mechanical Engineers in Birmingham on tlie manufacture 
of charcoal and coke by this process, which, as far as it relates to the 
production of coke, he believed to be new. Kilns, in some cases of not 
less tlian 15 feet in wddth from wall to wall, inside measure, were erected 
at various establishments in South AVales, and the flues, across the in- 
terior of the kilns, were carefully constructed of largo blocks of coal, 
corresponding to the air-holes in the oi^posite sides. Mr. Rogers was of 
opinion that kilns 14 feet in wddth, 90 feet in length, and 7 feet C inches 
in lieight, would be found more economical than smaller ones. A kiln 
of these dimensions contains about 150 tons of coal. In South AVales 
the saving in w’orking expenses was stateil to amount to 50 per cent., 
and the yield of coke to be 75 per cent, of the coal employed. The coke 
was also stated to possess a greater density and to be of more uniform 
quality than that usually produced in the district. Opinions on tins 
subject did not, however, agree ; and in .'^ome e^tahll^llmellts at which 
kilns of this description were elected, they wviVy after continuous trials, 
abandoned. 

Coking in Ovens. — The furegning metlKuls of coke-making are now 
generally superseded by oven-coking, paiticulariy in localities \\hi*re, the 
price of coal being compamtively bigb, it ln'Ceines of importance that as 
small a proportion as possilde shoiihl bi* lo-^t during tin* operatic »n. The 
ovens used for the production of coke are for the ino-l part In ated by 
the combustion of a portion of the fuel with uliieh tiiey are charged; 
and not at the expense of a di>tinct (pianlity, "ptMnaliy coii-'iimed in a 
separate tirejdace, for the purpo-e of rai-ing tlie UinjM rature to tin* 
lequisite degree. 

AVhen, on the contrary, coal is cokeii in order to (ditain the gaseous 
products of distillation, and the coke i.') regaid(*d as a secondary pro- 
duct of the manufacture, the operation i.^ earii(‘d on in cIomj ve.ssels 
heated by distinct fire.s. But, in thi.^ ca>e, tlie coke j>rodnced it> usually 
spongy and unfit for many metallurgical ]>ur[)o.s(*s. 

The ovens emjiloyed for the manufacture cd coke vary so mucli in 
form and diinemsions that it would he iinjio.^hible to give e\en a hiicf 
description of all those in general use ; hut tlie j»rinciples involved !)eing 
the same in nearly all case^j, it will be suflicient to explain the construc- 
tion and management of sr>nie of those mo>t frequenfly einjdoyed. 
Fig, 11 represents a range of coke oven's of tlie round or b(*(*hive ” form. 
The cavity of this oven is about 9 feet in diameter and 3 feet 6 inrlies 
in lieight, internally line<l wdth fire-bricks \V(dI jointe»l in refractory clay. 
The form soincwdiat resembles that of a compressed beehive, anil at the 
top of the dome is a circular ajicrture or cliimiioy wdiich may be closed 
by an iron plate. A slightly arclied doorway of about 2i feet square 
is also left at b fur the pur|iobe of charging the oven and wdtlidrawing the 
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coke. This opening is strengthened by a heavy cast-iron framing, c, 
built into the brickwork and secured in its place by iron binders. Where 
large quantities of coke are manufactured, the ovens are placed back to 
back in double rows, with a senes of doors on either side of the long 
mass of masonry. The charge of each is about three tons of coal, which 
IS iiitroduc(‘d cither through the door, or through a charging-hole in 
the top ; and as this is done immediately after the withdrawal of the 
former charge, and while the oven is still hot, the coal soon begins to 
give oil’ inflammable gases which escape through an aperture in the dome. 
When the charging is lini«'lied, the doorway, is closed by fiie-bricks 
loosely }>iled up, but the air has .still free access into the oven, through 
openings left in the stopping, which, suj>plying the necessary oxygen to 
the gases e\ulved, they ignite, and the temperature of the oven and its 
contents is rapidly iai.‘'ed. At the expiration of about thiee bour^, the 



11 — t <«kc 0\C»IS 


lower bole«! in the loose brick uali of the dooruay are closed, to prevent 
the accc'-s of too much air, whuh still tiiuls way tiirough those above 
and escajx*s by the cbiinney. In some instances, ni'^tead of closing the 
doorway with loose bucks, an iron door, lined with tiles and provided 
with draught boles, is employed. These are successi\ ely stopped by lumps 
t>f clay, and when it is ret|inred to exclude the air entirely, it may be 
don(‘ by apjilying a sheet of iron against the bricks and luting the edges 
with clay. 

In twenty-four liouns after charging, tlio uj^por holes are also closed 
with clay, and the oven is allowed to remain twedve hours with the 
cliimney oiK»n, during wliicli time the remainder of the gaseous matter 
is expelled by the heat and passes off in flame through tlie opening in 
tlio dome. When the flame emitted from this opening ceases, 'uhich 
usually occurs at the expiration of another twelve hours, it is covered 
witli an iron jdato made tight by a layer of sand, and the uhole allowed 
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to stand for twelve hours, for the purpose of moderating the heat of the 
oven and its contents. 

At the expiration of forty-eight hours from the time of charging, the 
oven will have sufficiently cooled to admit of drawing, and the door 
may be opened without causing much loss by the burning of the coke. A 
largo iron shov'el, tf, suspended by a piece of chain to the crane, e, is 
now thrust between the coke and the bottom of the oven, and as the 
weight on the blade will bo supported by the crane, which turns on its 
axis, a large mass can bo taken out with comparatively little exertion on 
the part of the workman. The swinging of tlie small iron crane enables 
the burner to place the heated coke on any part of the paved lloor within 
the circle described by its extreme end from its point of sinpiuision, and 
as soon, therefore, as it is withdrawn it is strcwctl thinly on the ground 
and rapidly cooled with water. When it has been thus extinguished, 
and has become nearly cold, it is taken np on a grated shovel, (j, and 
transported in wheelbarrows either to the place wIhto it is stacked or to 
the furnace in wliich it is consumed The grated shovel is used to 
separate the breeze from the large coke, as the former falls thnnigh tiie 
intervals between the Ixirs, so that the latter only can be taken up and 
placed in the barrows. Iron is used for the barrows, both on account of 
its being incombustible and also l)ocause wood<*n ones would sooner be- 
come destroyed by constant friction against the hard an<l rough edges of 
the coke. Fig. 12 represents a grouiul-plan of an oven of this kind. 

O Various contrivances havt* at <lif!erent times been 
employed to facilitate tlu» cooling of the ovens after 
the last stage of coking, but few of lhe>e have come 
into general um*, as the increased expense incurred is 
in nio-t instances more than equivalent to the n<l van- 
tages to be tlerived from their use. < )ne of the methods 
of haNteiiing thi.s cooling of the coke is the constriic- 
¥1^. V2. tion of ovens with airdlues, iu>t only under the refrac- 

tory lining of the bottom, but also round the sides. During the first 
stages of llie piocess, all connection Iwtween thes»* and the external air is 
cut off by damj>er.s, but a.s .'.oon as it is reipiireil to cool down the oven 
for the purpose of drawing, the air i.s atlmiUeil by side 0]>enings, and 
escapes througli a set of holes left in the up|xjr part (d the brickwork. 
Thi.s causes a draught, and the con-'tant influx of fresli cold air, which, 
by reducing the temiHjratiire of the w'alls, shortens the usual j>eriod 
allowed for cooling. Where many oven.s are employed, and in localities 
where it is dc.sirahle that the smoke produce<l hhall l>e carried ns rapidly 
a.s possible from the neighbourhood, a flue is constructed along the whole 
range, and by thi.s the smoke and fumes issuing from the ojKoiings in the 
crown of the ovens arc carrietl off to a suitable chimney. In this case 
the flue-holes are usually shut by sliding damixirs worked either by a 
lever or by a pulley and counterpoise. 

Some manufacturers are in the habit of cooling the coke in their 
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ovens before it is drawn, which is done by watering it, as soon as the 
oj)eration is completed, by a jet, under considerable pressure, supplied 
by a hose. Tin's is said not only to effect a saving by preventing loss 
by combustion during the time the charge is being withdrawn, but also, 
by the decomposition of water, to carry off sulphur in the form of 
sulphuretted hydrogen. Care is of course taken that the oven be not 
so fur cooled as to be unable to inflame the succeeding charge ; and, as 
the whole of the water is converted into vapour before reaching the 
walls, th(*y are not, it is stated, injured. Coke thus cooled in the 
oven is said to bo brighter and more stiiiorous than that manufactured in 
the ordinary way. 

The old betdiive coke-oven, consihting essentially of a cylindrical cham- 
ber roacliing the ground level, covered by a dome-sbaped roof, although 
frequently made use of, is not so extensively employed as formerly. 
A still less expensive form of oven was formerly much used among the 
collieries of the Xortli of England. This arrangement has the advantage 
of retaining tin* heat, and of requiring but little brickwork for its con- 
struction. Each oven is a rectangular chamber ten feet deep, twelve 
feet wkh*, ami ten fe(*t lu::li. The t(»p is arched, and the whole thick- 
ness of the side walls, including the internal lining, is two feet. In 
the centre of the arch an aperture two and a half feet in diameter, 
lined witli a ca^t-iron ring, is left, wliibt another is made on the level 
of the floor. Tliis tq)eiiing is sometimes provided with an iron casing 
with a groove, in which slides the dot>r. The door, which consists of 
an iron framing Idled with brickwork, is suspended by a chain, and is 
raised or lowt*ie(l by a lever. In the brickwork of the door several 
openings are left, ^^hicll are, however, sometimes disjx?nsed with, and in 
that case the bricks ar<* lo»Ksely jdac(‘d in the frame, and admit sufticient 
air through tiie cn‘vic«js between them fi>r the combustion of the gases 
from the coal. 

Tlie charge, which rcac]M*s tlie ]>ase of the arcli, requires to remain 
from forty-eight to .^eventy-lwo liours in the oven before it is in a fit 
state to be drawn, winch is done by an iron hook used specially for that 
purpose. In all other respects thc.so ovems are managed like those last 
described ; frc>1i coal being thrown in a.s soon as the coke is withdrawn, 
and a certain amount of air admitted during the earlier period of the 
operation. 

Coke prod ma il in ovens is usually denser than that obtained in 
lieaps or mounds ; but, on the oilier band, it is said to contain a larger 
amount of suljdiur llian does coke prepared in the open air. On cooling, 
good coke s])lit8 into prismatic masses, in some degree resembling basaltic 
columns. Its colour is stecl-gn\v, alnlo^t approaching in some instances 
to silvery whiteness ; but the surfaces of many varieties are covered with 
an iridescence siiid to bo depeiulent on the presence of sulphur. 

Imphoved Coke-Ovens. — Xumorous patents have at various times 
been taken out which have had for their object the utilization of the 
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heat afforded by the ignited gases which are generally allowed to pass 
directly into the chimney or into the o]Kin air. 

Breckon ami Dixon^s Overis . — The invention of Messrs. Breckon atul 
Dixon consists in constnicting coke-ovens with flues for the purpose 
of conveying the gases, when in a state of combustion, beneath tiie floor 
of the ovens.^ Those flues coinnmnicate with the interior, ami the gases 
are taken through them before passing into the chimney. Tlio following 
description will, with the aid of the woodcuts, enable this arrangement 
to bo readily understood.'- Fig. 13 represents, in eI(‘vation, a row of l)eo- 
hive coke-ovens provided with a chimney, k, through which tlio gaseous 
products make their escape. 

Fig. 14 is a plan of four coke-oven'^, shown partly in si‘ction. Fig. 
15 is a sectional elevation of two ovens, showing flues ICiUling to the 
chimney. Fig. 16 is a front elevation, j>artially in section. The.se 



ovens are .shown with regulating valves and iron distributors, for which 
a patent was grante<l March 29th, 1858, but tlicy are by no inean.s 
essential to the efficient working of the apparatus, a is the door of the 
coke-oven ; 5, the opening at the top ; e, the flues which couv(‘y atino- 
pheric air, admitted by the regulating valves, to the distributors e ; f 
(fig. 16) is the hydrant. 

The improvement claimed consi^^ts in the application of fluc.s, 
constructed under the floor, /«, of the ovens. These floors are made 
of fire-tiles, or other suitable material, resting on the division walls 
of the flues, g, which are connected with the interior of the oven by the 
upright flue?, f, and the circular openings, y, and witli the chimney, /r, 
through the fluc-s I and m. Each orifice, y, is in communication with 

^ Specification filed June 9, 1860. 

• Drawings from ^Transactions of North of England Institute of Mining Engineers,’ 
1 S 60 - 6 L 
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one of the outer flues, < 7 , and passes fiom one to another as indicated 
by the arrows. When tliese gases arrive at the two central flues, they 



rig 15 — Btockon and Dixon s Cuke Ovon^ , section il elevation 

ascend the pa< 5 sagcs, Z, aiul enter the hoiizontal flue, 7/t, through which 
they escape to the chimney. A damper, w, placed in each of the flues, 
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I, admits of ono or more of the ovens being shut off during repairs, or 
otherwise, w’ithout interfering with the action of the others. The coal, 
with which the oven is charged, may either he dropped through tlie 
opening, or tlirown in through the door, a. 

When the charge becomes ignited, the gaseous products of combus- 
tion, escaping tlirough the oj)enings, J, descend the flues, ?, into those 
under the floor, < 7 , whore they circulate, and finally pass off to the 
chimney through the flues, I and In this way the floor of the oven 
is heated by the ignited g.ises, w’hich, according to the jiatentees, enables 
a given quantity of coal to be converted into good coke in less time 
than is required in an ordinary oven. They also state that the coke pro- 
duced is denser and of better quality, and that tin* yield is increased 
to the extent of from 10 to 15 per cent. A very similar patent was 
taken out by Jose]»h Dunning in M.iy 1853. 

It was found at one of the collieries in the neiglibourhood of IXir- 
lington, after a tiial extending over several yt‘ar^, tint coal yielding 58 
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per cent, of coke in ordinary ovens affordel 09 per cent, in those con- 
structed with flues beneatli the floor, and that a charge of six tons, 
which requires scventy-two lionrs for conviTsion into good coke in the 
former, i-* in the latter ^^eJI coked in foity-<‘ight hours. 

Anchor — Thi-^ reetamrular arclied ovcui admits of tlie entire 

charge of coke being drawn at oiue previous to cc^oling, thus saving a 
consid(*rabl(i part of the labour require<l for discharging tlie ordinary 
coke-oven, and a’.s > any wear and tear to the lining resulting from cool- 
ing the ovens by tlie introduction of water. 

In the'C ovens (fig. 17) the mouth is of tin* entire widtli of the 
chamber. A, and the anchor^ </, c, of wrouglit-iron, is placeil in the 
oven before it i^ charged with coal, and is thus, at the end of the opera- 
tion, embedded in coke. When the oven is to he drawm, a chain is 
attached to the anchor from a winch fixed in some convenient position, 
which, w'lieii set in motion, draw’s out the wdioJc cliarge in one mas.s 
upon a paved flooring, where it is cooled by the application of water. 
In some cases, instead of employing w’atcr, a sheet iron cover is put over 
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the coke, which, around the lower edge, is kept almost air-tight by the 
application of damp breeze. In this way the atmosphere is so nearly 
excluded that the coke may be allowed to cool gradually, without ex- 
periencing any material loss of weight through waste by burning. The 
great size of the mouth of the oven, required when this method of 
drawing coke is resorted to, has been urged as an objection to the 
use of the process, but this, in practice, is found to be productive of but 
little inconvenience. The wear and tear of the anchor itself is also an 
apparent objection, but experience shows that the waste of iron is in 
reality not great. 

The time required for coking in ordinary ovens is usually from forty- 



Fig 17 — Vnchor Ovens , ground plan 


eight to seventy-two liours, but when an cxceedinglv liard coke is required, 
the operation is sometimes continued during ninety hours. The total 
cost of maniifactuie, exclusive of taxes, agency, and redemption of 
capital, varies from about lit. 4(7. to Is, 6(7. per ton. 

Collection op Tau, &c., from Coke-Ovens. — In this country large 
quantities of tar and amnioniacal liquors are annually furnished by the 
distillation of coal, from which gas for illumination is obtained, but the 
demand for such products has of late years become so laige that it is 
now a matter of importance that as small a portion as possible of these 
substances produced in coke-ovens should escape condensation. 

Pauwels and Duhochefs Oven . — In 1850 a patent was granted to 

F 
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Messrs. Pauwels and Dubocliet for the manufacture of coke and gaa.' 
This invention is described as having for its object, first, the extraction 
from pit-coal of a gas fit for illumination, and the production at the same 
time of a coke possessing all the properties requisite for smelting ores 
and generating steam in locomotives. Second, the regulation, according 
to circumstances, of the pressure of gas in the passages, so as to render 
the loss of gas as small as possible. These' various results are obtained 
by means of distinct apparatus ; first, an oven or n'tort, with its extractor, 
and second, a moderator. The oven or retort is constructed of bricks, 
cast- and wrought-iron ; it is furnished with fire-places for producing the 
necessary heat by the combustion of coal, c(»kc, or other fuel, and has 
various flues for the circulation of lieat, with a peculiarly constructc*d 
heat-magazine ; and, lastly, i'^ furnhheil with divers apparatus, some used 
as channels for the gaseous j>roduct«, and others serving, either }>er- 
manently or at intervals, to isolate the <^i^tilIing apparatus, projK*rIy so 
called. 

Tlie object of the extractor is to protect the appamtus fnmi ]»ressure ; 
it is divided into three distinct part<. The fir-t is coinjK»sed of three vats 
full of W’ater, in wliich as many hells or movable chambers are cau>ed to 
work up and down by any convenient motive jM»vver made to act upon 
suitable shafts and cranks. The m'CoihI jKirt of tin' ajq>aratus conNi'^ts of 
two large cylinders, provided with plunger.^, united tt>g«‘ther an»l aeting 
as valves, winch constitute, with tlie tir^t part of tin* meidianihuu an 
aspirating and forcing aj*]Mratus, the action of winMi is regulated hv 
the third portion of the apf>aratus, which con^i^^ts of a large vat in whicli 
works a b*dl or movable cliamlx'r, >on*.eihing like a gas-h<*hler. The 
office of this is to ngulate and maintain tin* e<pnlibrium <»f pret^sun^. 

In order to set an oven in <q»<'ration, it inu^t tir-t be raised to a higli 
tera|>eratiire by the application of heat, b<»lh to tlie inteiior and exterior. 
This being done, tiie tires are to be kept up, and as s^hui us tin* coal has 
been intr^Kluced into the oven tin* d's^r^ be closed, leaving rqK*n, 

however, f<»r a fewminute.s, the r.ritice f»f the extraction chimney, to allow 
aqueous vapours to ♦srajH* ; after whicli tin* orifn e is rloM'd by means of 
the cover, and a )i\draulic valve i- ojK-ned at tin* same time to allow the 
gas topa>s through tin* whicli, w<-ll a.-, the interior <‘f the oven, 

are protected from pre-ure hy tin* eommunication then e^tahlihlied 
between them and the extractor. The gas is thu« aspirated or drawn 
by the extractor and forced into tin* vari<»us apj»aratus which gas- 
works are composed. The m^^xlenitor must he so regulite«l that its 
action shall prevent any variali4»n of prcfs^^un* f»n the ap)>aratus and its 
appendages. Coke-ovens on this j»rincij>le liave been employed at 

^ The of Pauwel* aikI DuWbct, woll am tl»at patmted hy rrmolet, i»r« 

described very nearly in the words of their re»}>ert}Te sft<*cifitAttoi)s. The author must, 
therefore not he held responsible for the stateineiits maile . they jmisiw^ss, however, c^m- 
stdeiable interest as showing the direction given to the earlier attempts to render avail- 
able tue various eon ieotable prolucts evolved in coke nia king. 
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establishments in the neighbourhood of St Etienne, and at some other 
places in France. The results obtained are said to have been satisfactory, 
but the coke produced in such appliances is darker in colour and less 
dense than that manufactured in ordinary ovens at a higher tempera- 
ture. 

Pemolefs Coke-Oven , — A patent was granted in 1862 to Richard 
Archibald Brooman (being a communication from Charles Claude Philibert 
Nicolas Pemolet) for “ Improvements in Coking Ovens, in collecting and 
utilizing the Products from the Distillation or Carbonization of Coal and 
other matters producing Coke, and in apparatus employed therein.” 
The invention is described as consisting in the construction, arrangement, 
and working of coke-ovens in guob a manner that the following products 
are obtained during the manufacture of coke : — First, coke suitable for 
metallurgical, railway, and other purposes, in greater proportion than 
when manufactured in the ordinary manner ; second, gas suitable for 
burning and heating ; third, tar and different oils obtainable therefrom ; 
and. fourth, ammonia and ammoniacal salts. 

The apparatus employed is said to be applicable not only to ordinary 
coal, but also to anthracite, coke-dust, peat, wood, and other combustible 
materials, of vegetable or mineral origin, whether treated separately or 
mixed with rich coals, resins, or tars. “ Nine chief features are com- 
prised in this invention. ’’ They consist — First, in particular arrangements 
of coking ovens capable of manufacturing coke from all kinds of coal. 
Second, in the application to these ovens of a continuous exhaust or 
draught for drawing off and collecting all %'olatile products resulting from 
the distillation of combustible matters. Tiiird, in a method of condensing 
such of those products as are capable of being liquefied, and in the pre- 
servation of each of such products so as to utilize them. Fourth, in the 
application of the gas [uoduced in the oven^, whether to heating the 
furnaces (d the coking ovens themselves or otlier furnaces, or to the 
reduction of oxidiziid ores, or to any other purposes for wliich carburetted 
hydrogen can be employed, e.sjiccially for ligliting purposes. Fifth, in 
pulverizing certain coaU which would otherwise prixluce coke of a bad 
appearance and ill adapted for metallurgical and railway purposes, whereas, 
after pulverization of tlie coal, coke suitable for locomotives and other 
nses may be pi od need, and tliat without washing being necessary. 
Sixth, in mixing rich coal-tar or resin with poor coal, anthracite, coke- 
dust, peat, and other combustible materials udiich do not by themselves 
produce good coke. Seventh, in the employment of steam thrown on the 
coke wlien at its highest temperature for desulphurizing it. Eighth, in 
the employment of apparatu.s for loading the ovens with coal and for 
removing the coke, whereby these operations are effected more speedily 
and economically than in tlie ordinary manner. Ninth, in producing in 
the same ovens as those used for the manufacture of coke, common tar, 
such as that obtained from gas-works, or other tars richer in oils ; and 
in utilizing them in various ways. 
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Ovens constructed according to this invention are equally suited for 
raw or for washed coal. The distillation is carried on upon a large scale, 
say from six to seven tons in an oven, and all the products accessory 
to the distillation, such as tars, ammoniacal waters, and gases for burning 
and heating, as well as the coke, being collected separately, may be 
utilized. If these ovens are erected near towns, the gas can be used for 
lighting, or it may be employed in iron -works, where a quick and regular 
file is required. If the gas be not required for lighting or heating, it is 
burned in the coking-oven furnaces, in which case no other fuel will 
ordinarily be required. 'When the ovens are used for the manufacture 
of coke only, a gai>-holder, which in other cases is required to contain 
the gas, is dispensed with, as well as the exhauster; and the exhaust 
will depend on the draught of the chimney, being increased by the 
vacuum produced by the partial condensation of the volatilized products. 

The coke-oven shown, figs. 18, 19, and 20, is about thirty-tAvo feet in 
length. Tig. 1 8 is a longitudinal section, and fig. 19a horizontal section of 
two ovens at different heights. Fig. 20 is a transverse vertical section 
through two ovens; of one through the fire-place and of the other across 



Fig. JO — I’cniolct’s Coke Oven , truisver»c Hcction 


the flues at the far end. C, fig. 18, is a truck running on the rails, L, and 
constructed in such a manner that its load of coal may be discharged 
at Avill into either of the openings, U, in the arch of the oven. An 
ordinary oven re(|uires six truck-loads to fill it ; r, arc hoppers placed 
over the apertures, 1), to guide the load into tlie interior of tlie oven, 
A. The coal being thus introduced on to the be<l, s, of the OA^en, is 
spread evenly tbeieon by tools introduced at tin* ends. The two 
doors, dy are then lowered by means of the Aviiidlas8(‘s, G, running on 
the rails, g ; the hooks, W, which connect the doors, with the wind- 
lasses, are disconnected, all the openings closed, and the joints stopped 
with clay, so that no air may enter the oven. 

During the time occupied by the removal Oi the coke and charging the 
oven Avith coal, the fire on /has not been extinguished, and as soon as 
the mass of coal introduced into the oven is sufficiently heated, distil- 
lation begins. Gases, steam, and tar are disengaged and issue by the 
orifice E ; they then traverse the pipe F, and enter the condenser, 
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where the gaseous products traverse compartments formed of thin 
metallic plates close to one another, by coming in contact with which 
they are gradually cooled. The cooling is accelerated by a continuous 
flow of water falling from a reservoir into chambers, whence the water 
spreads on each side so as to run down externally from top to bottom 
over the sides of the condenser. A wooden casing surrounds the con- 
denser, and protects it from the action of the sun, and at the same time 
affords a passage for a current of air, which serves to cool the water. 
Following the condenser, where the tar and greater portion of the ammo- 
niacal waters are deposited, the gases and the ammoniacal vapours enter 
into the first washer, which they traverse, from the bottom upwards, through 
fine showers of ammoniacal water supplied continually by a pump from 
a suitable reservoir. The ammoniacal waters may be thus enriched to 
any desired degree for subsequent treatment. The current of gas thus 
purified passes to a second washer, similar to the first, but supplied with 
water only, to complete the absorption of ammonia. After the tar, oils, 
and ammoniacal waters have been removed from the gas, the latter is carried 
onwards through pipes, M, to the burners by which it is consumed. 
The combustible gases which reach the fire-place of the coke-oven,/, 
become mixed with air, wdiich enters through small holes formed around 
and in the middle of the nozzle, u. The mixture of gas with air pro- 
duces a flame which, circulating through the flues, a, conveys heat to the 
ovens. Thence the products of combustion pass to the flue, T. and after- 
Avards to the cliimney, 0. The ovens are divided into sets of ten, each 
group having a separate chimney ; v, are sight-holes, fitted to the flues, 
rt, for examining whether the heat is equally spread between the different 
ovens of a group and in the various flues of the same oven. By means 
of a tap, 2 , the quantity of gas admitted to the fire-i)lace of each oven is 
regulated. The quantity of air admitted around and through the nozzle, 
u, is regulated by valves or otherwise, and the distribution of flame is 
regulated in the flues, «, by means of fire-brick dam])ers, k. After a 
certain time, whicli varies from two to three days, according to the 
nature of the coal used, the whole of the charge is transformed into coke, 
and is ready for discharging. 

For this purpose, a steam discharger is conveyed to the front of the 
oven on the rails, h ; communication between the inside of the oven. A, 
and the general passage for the gas and vapours is intercepted by closing 
the damper, r ; connection between the boiler, J, and the door of the 
oven is established by the pipe, / and, by opening a tap, steam is driven 
into the interior of the oven as long as may be considered desirable. 
The doors, (i, are then raised, and after adjusting the discharger in front 
of the oven, it is set in motion, and pushes the coke before it out of the 
oven on to the inclined floor, I, between d\varf walls, t, where it is 
covered with damp coke-dust to smother it. Tiie discharging occupies 
from four to five minutes. Tlie discharger is then withdrawn, the ori- 
fices, D, are opened, and the oven is again charged, as before, with from 
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six to seven tons of coal, which takes from fifteen to twenty minutes to 
accomplish ; the doors, are lowered, any pitch which may have been 
deposited is removed, the charging orifices are closed, the damper, ?*, 
opened, and the operation commences afresh. 

When the coke on the inclined floor, I, is sufficiently cold, it is 
placed in trucks which convey it away on tlie rails, t Care must bo 
taken that the following precautions are attended to during the process. 
First, that all the joints are kept tight with clay, so that no air may 
enter during the operation. Second, that an uniform heat is maintained 
throughout the ovens. Third, that the condensers and washers are regu- 
larly supplied with water. The form and shape of the ovens may be 
considerably varied without departing from the invention. M. Pernolet 
states that impure coals may be pulverized in any convenient way, or 
mixed with rich coal, or even with tar, or pure coal before carbonization ; 
the pulverizing process being very efficacious in order to give solidity and 
good appearance to the coke, and in order that coke made from very poor 
coal may, without washing, be suitable for use in locomotives and furnaces 
generally without leaving clinkers on the grate. Because, when the foreign 
matters are pulverized, the current of air carries them away, so that in this 
particular case the pulverization replaces washing, without waste. Where 
the mixture of coal to be formed into coke is composed of materials which 
do not carbonize well alone, and would produce only incoherent products, 
ovens constructed according to this invention answer better than ordi- 
nary ones, because the bituminous parts not being liable to be burnt, a 
less quantity is required to produce the agglomeration of poor coal, an- 
thracite, coke-dust, and other combustible materials incapable, alone, of 
being transformed into solid coke. 

The apparatus employed by Pernolet is very similar to that patented 
by Pauwels and Pubochet twelve years previously, excepting that the 
latter exhaust the gases from the ovens by means of a machine, whilst 
Pernolet sometimes effects the same object by drawing off the products 
of combustion through a high chimney. 

The Carves Coke • Oven . — In the earlier attemjds to utilize the 
liquid bye-products resulting from the coking of coal, various difficulties 
were experienced, and for many years they were attended with very 
limited success. The waste products were from the first easily collected, 
but the coke was of inferior quality, and there w^as some trouide in 
maintaining the necessary flues. To M. Carves belongs the credit of 
being the first to construct and work a coke-oven capable of yielding 
coke suitable for metallurgical purj)oses, coal-gas, ammoniacal lic^uors, 
and valuable coal-tar. The oven employed for this purj) 08 e is a hori- 
zontal chamber of brickwork about 32 feet in length, 2 feet in width, 
and 4 feet 6 inches in height A number of these are built side by side, 
with a partition wall between them sufficiently thick to enclose three 
horizontal flues communicating with one another. Two flues are also 
formed under the floor of each oven, and in those originally constructed 
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a small fire-place, consisting of a grate and ash-pit with a suitable door, 
was placed at one end. Over each fire-door is a nozzle, through which 
the gas generated during the process of coking, after having been de- 
prived of its liquid products by condensation, is admitted and burnt over 
the ignited fuel lying upon the grate. The grates are charged twice only 
during the twenty-four hours, their purpose being simply that of keeping 
the gas ignited ; but in the newer form of the Carvfes oven the fire-places 
are omitted, and the only fuel employed is gas. In the Simon-Carv^s 
Oven^ in accordance with a recent improvement, hot air is introduced into 
the flues together with the gas, and as this air is heated by the waste 
heat from the flues which conduct the products of combustion to the 
chimney, a considerable increase of temperature is imparted to the ovens 
Avitliout any additional cost for fuel. From the burner, where the gas is 
consumed by the aid of heated air, the products of combustion pass for- 
ward through one of the horizontal flues beneath the bottom of the oven 
to its far end, and thence turn back through another, from w^hich they 
ascend by a vertical passage into the uppermost of the horizontal 
flues in the partition wall, and descending in a zigzag course through 
those below it, finally pass into a flue outside the ovens, and thence 
to the chimney. When in operation, these ovens are hermetically sealed, 
with the exception of the opening for the escape of the volatile products, 
which are drawn off by an exhauster. 

The coal, as in Pernolet^s oven, is introduced through openings in 
the roof, over wdiich iron trucks travel upon rails. These feed holes are 
provided with iron covers kept tightly luted with clay during the process 
of coking, as are also the large doors at each end of the oven or retort. 
Through the middle of the arch of each oven rises a gas-pipe provided 
'with a hydraulic valve through which the products of distillation escape 
into a range of cast iron pipes kept cool by an external dripping of water 
over their surfaces, so that the principal part of the tar and ammoniacal 
liquors becomes condensed. The combustible gas thus separated from 
the condensed liquids is further passed through scrubbers containing 
coke moiNtened with ammoniacal liquor, wdiich, after being repeatedly 
used, gradually becomes stronger until it reaches saturation, when it is 
run off and treated in the usual way. All the valuable bye-products 
having been thus withdrawn from the gas, it is led through iron pipes to 
nozzles, wlu*re it is consumed under the bottom of the ovens. The coke 
is removed by a steam-ram, similar to that employed for discharging the 
Pernolet oven. 

Extensive ranges of ovens upon this principle have been erected by 
the Terre-Noiro Com|>any at Bess^ges, Fmnce, and at various other 
Continental localities ; the coke produced by them being, it is said, 
equal to that yielded by the older forms of coke-oven. 

The prtKluction of coke is also larger than in the ordinary oven, 
since a coal j)roducing from 58 to 60 per cent, of coke in the ordi- 
nary beehive oven w’ill yield as much as 75 per cent, of a superior coke 
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in the improved ovens. A range of ovens of this construction are in 
successful operation at the coking establishment of Messrs. Pease at 
Crook, near Darlington, where, in addition to 77 per cent, of coke of 
fair quality, and 2*60 per cent, of tar, 1*09 per cent, of ammonium 
sulphate is obtained from the coal treated. The time required to work 
off an oven is forty-eigiit hours. 

I'he Otto Coke-Oven, — This, like the Carvt\s oven, is a modification 
of the Copp^e coke-oven, in which heat is obtained by the combustion of 
the distillates in lateral flues, but which is not provided with apparatus 
for drawing off and collecting tar and ammoniacal liquors. The side-flues 
of the Otto oven, like those of the original Coppt^e, are vertical instead of 
being horizontal as in the Carves oven, and the various liquid products 
are condensed and collected by an elaborate system of coolers. The 
time necessary for coking a charge is forty-eight hours, and the coke, 
when ready, is forced out of the oven by a steam discharger. 

At the Chester meeting of the Iron and Steel Institute (1884), Dr. 
Otto stated that a successful attempt to construct coke-ovens in such a way 
as not only to produce coke but also to utilize the bye-products of coking, 
was made in France in 1862, while England and Germany have only 
begun within the last few years to construct ovens upon this principle. 
In the year 1884 about 150 ovens utilizing the bye-products of coking 
were working in France, 50 in England, and 190 in Germany ; the latter 
to be shortly increased to 390. 

The Hoffmann Coke-Oven . — The inventor of this system is Herr 
Gust. Hoffmann of Gottesberg, Silesia. Its essential features consist in 
the combination of coke-ovens with the Siemens regenerator in such a 
way as to heat the air serving for the combustion of the gas as highly as 
possible. In the ordinary coke-oven the heat neces>ary to maintain the 
coking is produced by the combustion of the gases either in the interior 
of the oven or in its side-flues. If the gases produced in a coke-oven are 
passed through a condenser, they lose their high temperature and return 
to the oven comparatively cold. It is only with coals rich in gas that 
it is possible to obtain a temperature sufficiently high for coking by 
burning the gases with cold air. In the best-constructed coke-ovens it 
is therefore sought to heat the air by which the gases are burned to 
the highest possible temperature, in order to restore the Joss of heating 
power suffered by the latter wliile passing through the condensers. It 
is consequently the object of the Hoffmann system to bring the air at 
as high a temperature as possible in contact with the gases, since the 
hotter the air employed the greater will be the temperature obtained in 
the oven. Fig. 21 is a longitudinal section through the centre of a 
Hoffmann coke-oven, and fig. 22 a transverse section, at various points, 
through a portion of a block of these ovens. 

In the Hoffmann oven there is no communication between the coking 
chamber. A, and the side-flues, H ; these are not shown in fig. 21, although 
the openings leading to them are seen below the level of the hearth. In 
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fact, with the exception of the openings A' for charging, and the doors 
for discharging, wdiich are hermetically closed during the process of 
coking, there are only two openings, B, in the roof of the oven by which 
the gases escape. 

The side walls of the ovens contain, over the abutments, a hori- 
zontal canal, I (fig. 22), which passes over the entire set of vertical flues, 
II, and is the means of communication between them. Each of the 
bottom flues is divided across into two equal lengths, C and C' (fig. 21), 
each of these lengths communicating with a regenerator serving to heat 
the air for the combustion of the gases. The portion of the flue, C, 
communicates with the regenerator, D, and tliat marked C' with D'. These 
regenerators are long flues on the Siemens plan with fire-bricks, and 
extend below the whole range of coke-ovens, communicating at one end 
by means of a clack-valve eitlier with a pipe conveying air or with the 
chimney. The two gas-pipes, E, E', extend along the whole range of 
coke-ovens from one end to the other. If now the ovens are supposed 
to be in operation, the gases from the charge escape by the openings B 
in the roof into the receivers, F, the valves. G, being open. From the 
receivers, F, the gases pass to the condensation house, wliere they are 
cooled and washed. 

The gases returning from the condensers, where they have been de- 
prived of their tar and ammonia, are passed back by the gas-pipes, E 
and E', by the same machine wdiich drew them through the con- 
densers, and by means of which their complete circulation is effected. 
According to the position of a clack-valve in the gas main, the gases 
return either by the pipe E or by that marked E', wdiile the liottom 
flues of all the ovens communicate with the gas-j)ipes by means of a 
nozzle furnished with a tap. If the gas- valve is placed in such a position 
that the gas pas.ses througli the pipe E, then tlie valve of the air supply 
must be so disposed that the air is forced by a fan into the regenerator, 
D. The regenerator, 1), and the nozzles communicating with the gas- 
j)ipe, E, discharge, respectively, heated air and inflammable gas into the 
bottom flues, C, of all the coke ovens. In this w^ay the combustion of 
the gases takes place in the flues, C, an<l thence extends into the side 
flues. The whole current of the burning gases and the very hot products 
of combustion thus rise by the vertical side flues from the fir^t half, C, 
of the bottom flues into the horizontal flues, I, and then descend tlirough 
tlie remainder of the vertical side flues, H, into the second half, C', of 
the bottom flues, whence, after passing through the air regenerator, and 
imparting to it a portion of their heat, they escape by the chimney. 

After the expiration of about an hour the position of the clack-valves 
in the gas-pipes and air-flues are changed, so that the course botli of the 
gas and air is reversed. The gases are then forced through the pipe, E', 
and the air through the regenerator, I)'. Combustion takes jilace in the 
half, C', of the bottom flues, and the side flues, which before served as a 
passage to the descending products of combustion, are traversed by an 
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ascending draught , the products of combustion passing off through the 
air regenerator, D, into the chimney The coke is removed from the 
oven by steam power as in the case of the otlier coke-ovens belonging to 
his class 



In one of the German establishments emplo}ing such coke o^ens, the 
daily production of gas pei o^cn amounts to 24,700 cubic feet, whereof 
17,700 only are requiied for coking puiposes, thus leaving 7000 cubic 
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feet ilaily available for other purposes^ In these furnaces the bottom 
and side flues are so extremely hot that with charges of 8 tons 13 cwts. 
the coking process lasts only forty-eight hours. 

The quality of the coke produced is stated to be equal to that obtained 
from ordinary coke-ovens, while its yield is several per cent in excess of 
that made in the beehive oven. The yield and composition of the bye- 
products are much influenced by the character of the coal operated on. The 
coal of 'Westphalia yields 1 per cent, of ammonium sulphate, while in 
Upper Silesia this figure rises from 1*1 up to 1*7 per cent. In the Saar- 
brucken district, on the other liand, the coal yields only from 0*7 to 0*8 
per cent, of this salt. The average yield of tar is about 3 per cent, but 
it does not contain so large a jiroportion of benzene as that produced in 
gas-works ; the amount of naphthalene and anthracene is, however, about 
equal to that present in gas-tar. The cost of coking is said not to be 
greater than in the common beehive oven. 

Jameson Colce-Oven. — ^Ir. John Jameson of Xewcastle-on-Tyne, 
instead of drawing off the gases and condensable products from the tops 
of his ovens, does so from the bottom, and collects and utilizes the bye- 
products from the ordinary be^ehive ovtui. The cost of converting an 
ordinar}' beehive oven in accordance with Mr. Jameson's system varies 
from £8 to £10, and to do so it is only necessary to replace the old bottom 
by a new’ one having radial dejires^ions or gutters covered by perforated 
tiles, and sloping towards tlie centre, wdiere there is an nj)erture in con- 
nection with a system of jiipes and coolers exhausted by a Root’s blow’cr. 
Nine beehive ovens, at l^ige-llank, have been converted in accordance 
with this system by Messrs. Bell, and proiiuce coke wdiich cannot be 
distinguished from that made in the same ovens previous to their 
conversion, while the yield is precisely the same. The time required 
for coking a charge is, with eacli system, .seventy-two hours ; and in addi- 
tion to coke of the usual amount and quality, the Jameson ovens yield 
four gallons of oily tar, and two lbs. of ammonium suljdiate j)cr ton 
of coal operated u])on. 

Altliough practical men generally are fairly agreed tliat for use in tlie 
cupola, coke from w’hich the bye-products have been collected is as good 
as that produced in the ordinary beehive oven, there is not sucli a general 
agreement w’ltli regard to its value for blast-furnace purposes. In a 
))a]>er read before the Iron and Steel Institute, May 6th, 1885, Sir 
I. Lowthian Bell described a comparative experiment which he had con- 
ducted on a large scale with Bearpark coke made in ordinary beehive 
ovens, and the same coal coked in the Simon-Carves ovens. This exjieri- 
ment would appear to show that the coke prepared in the ordinary 
beehive oven w'as, for blast-furnace purpose*?, about 10 per cent, more 
valuable than that made in ovens from which the bye-products had been 
collected. 

Composition and Propektibs of Coke. — Well-prejiarcd coke essen- 
tially consists of carbon, enclosing the various inorg<inic impurities of the 
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coal from which it has been manufactured. It, however, invariably 
retains small quantities of hydrogen, oxygen, and nitrogen. The follow- 
ing table gives the composition of three varieties of coke : — 
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No. 1, coke from Durham coal, analysed by Richardson ; Nos. 2 and 3, 
coke from the caking coal of the Mons basin, analysed by M. de Marsilly. 
These specimens were dried at between 100® and 200® C. before being 
subjected to analysis. 

Perfectly dry coke does not generally absorb more tlian 2 5 per cent, 
of water by exposure to a moist atmosphere, and coke, of which the 
extinction lias been properly conducted, should not retain more than 3 
per cent of moisture. As, however, coke-burners are not unfrequently 
paid according to the weight of coke produced, without any stipulation 
being made as to the percentage of water it shall contain, it is not un- 
usual to find specimens in which the amount varies from R to 12 per 
cent. It is evident that, in order to produce its highest calorific effect, 
coke should be used in a dry state. A considerable portion of the slack 
now employed for the manufacture of coke is freed from shale and other 
impurities by some process of washing before being charged into the 
ovens. 

Charring Urown Coal. — Brown coal is of all kinds of fuel the 
least adapted for carbonization ; for although it is acted on by heat in 
the same way as wood, and produces a less combustible charcoal or coke, 
yet it is subject to inconveniences wdiich render its production too costly 
for general application. Lignite, like peat, contains a large proportion 
of ash, and this percentage will necessarily be much greater in the coke 
produced than in the lignite from which it was made. This, from the 
tendency which the coke would necessarily have to clinker on the fire, 
prevents its being used for many purposes for which a fuel of greater 
purity could be employed. In addition to this, the action of heat causes 
the layers and concentric rings, wdiich are scarcely perceptible in fresh 
lignite, to separate frotn one another, and the charcoal or coke manufactured 
is thereby either reduced to such small fragments .as to be of little service 
as a fuel, or is rendered so extremely friable as to be unable to bear 
carriage even to a short distance from the locality in which it is pro- 
duced. The carbonization of lignite in mounds has, however, been con- 
ducted on a small scale in tlie neighbourhood of Cassel ; but the 
situations where this can be done with advantage are not numerous. 



96 ELEMENTS OP METALLURGY. 

The following results were obtained by heating pieces of brown coal 
in closed crucibles until all traces of their volatile constituents had 
ceased to be evolved : — 
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Gaseous Fuel. 

Attempts were made as early as the commencement of the present 
centur}" to substitute combustible gases for solid fuel in various technical 
operations ; but, for a considerable time, they were not attended with 
practical success. According to a report, made in 1842 to the French 
Academy, ])y ThenarJ, Berthier, and Clievreul, the waste gases of Idast- 
funiaces were first employed by M. Aubertot in the year 1809 for 
roasting ores, burning lime, &c., and in 1814 he sugge'^ted the erection 
of suitable apparatus for the employment of wa‘'te ga«es fur metallurgi- 
cal purposes. In the year 1801 Lampadius had already shown the pos- 
sibility of employing the waste gases from the carbonization of wood, and 
in 1830 he attempted, at smelting-works near Freiberg, the cuptdlation 
of argentiferous lead by means of gases producetl from coal. 

Ebelmen states that M. Victor Sire, of Clerval, obtained a patent in 
1836 for the manufacture of wrought-iron by moans of waste gases from 
blast-furnaces. According to a report of the Central Jury of the Paris 
Exhibition in 1844, Sire’s patent was employed in 1838 at iron-works on 
the Lower Rhine, and in 1841 in the Department of the Moscdle, for 
the refining of iron ; but the process does not appear to have attracted 
much attention. 

Successful experiments were made in 1837 by Willielm v. Faber du 
Faur, by burning the waste gases of blast-furnaces in a reverberatory 
furnace for the purpose of puddling pig-iron. 

In the course, however, of the various trials of the employment of 
waste gases for this purpose, it was soon discovered that every modi- 
fication in the working of the blast-furnace produced a corresponding 
change with regard to the quantity and composition of the gases evolved, 
and that the process of puddling was thereby prejudicially affected. 
The collection of the gases also appeared to produce a prejudicial effect 
on the operations of the blast-furnace itself. The dependence for a 
supply of fuel on the satisfactory working of^ the blast-furnace was 
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found 80 prejudicial as to cause this method of employing waste gases 
to be abandoned, and led to their employment for the roasting of ores, 
the heating of the blast, the production of steam, and the burning of 
lime, bricks, <fec. These processes do not require either a very high or a 
very uniform temperature, and a large amount of fuel was thus saved. 
The utilization of waste gases has also resulted in the extensive employ- 
ment for metallurgical purposes of gases specially prepared in gene- 
rators or producers, by which means fuels of an inferior description 
can be rendered serviceable for purposes for which, if consumed in the 
ordinary way, they would be totally unfitted. 

Before Faber du Faur’s process for utilizing waste gases had obtained 
publicity, experiments were made in the Harz (1839) by Bischof, with 
the view of generating gases in a furnace or producer, and subsequently 
burning them by means of atmospheric air. 

Gases thus obtained from peat were found to readily afford the 
highest welding heats, but as Faber’s method of employing waste gases 
had in the meantime come into notice, and appeared to possess the ad- 
vantage of requiring no special consumption of fuel, Bischof ’s results 
were not at once appreciated In 1838 some Austrian metallurgists who 
visited Wasseralfingen, in 'SVurtemberg, where Faber’s process was in 
operation, came to the conclusion that the employment of waste gases in 
the puddling of iron could not afford practical results, and in the follow- 
ing year commenced experiments at the iron-works of Jenbach in the 
Tyrol, with a view to the preparation of inflammable gases by an im- 
perfect combustion of small charcoal. These trials, however, gave rise 
to dangerous explosions which appear to have finally led to their aban- 
donment. In 1841 Karsten stated it was probable that certain descrip- 
tions of compact fuel, which, from their state of aggregation and low 
calorific j)ower, were not then adapted for the purpose of puddling, 
would, en* long, be rendered available for that operation by being con- 
verted, in a special apparatus, into carbon monoxide gas, by the combustion 
of which the desired result would be effected. The experiments made 
at Jenbach having shown the practicability of firing with artificially 
produced gases, further experiments were made in 1842 at steel-works 
at St. Stephan, Styria, with a view of producing gaseous fuel from small 
brown coal. The results obtained having been of a satisfactory nature, 
they were at once published, and gave rise to the general introduction of 
artificially prepared gases as fuel. This method of firing has been further 
developed by Bischof, Eck, and others, but more especially by Sir C. W. 
Siemens, whose regenerative gas-furnace is suited for almost every metal- 
lurgical operation in which it is required to produce a high temperature 
in reverberatory furnaces. As this may be regarded as one of the most 
important inventions of modern times with regard to the utilization of 
fuel, it will be necessary to describe not only the apparatus employed 
for the preparation of the gases, but also the arrangements for effecting 
their economical combustion. 


G 
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Among the many advantages claimed by Siemens for his regenera- 
tive furnaces were the following : — 

a. The employment of inferior descriptions of fuel, such as slack, 
coal-dust, lignite, peat, &c., together with a saving on the quantity made 
use of to the amount of from 40 to 50 per cent. 

h, A daily increase of the work done in a furnace of given dimen- 
sions, amounting to at least 30 per cent. ; wliich is a result of the almost 
unlimited calorific power at command, even when only a moderate chim- 
ney-draught is available. 

c. Perfect uniformity of heat throughout the furnace, and greater 
durability of the brickwork ; owing to the absence of a-hes, by which the 
fusibility of the surfaces with which they come in contact is increased. 

(f. The production of a flame of such purity as greatly to diminish 
waste by oxidation or deterioration of the metals operated on. 

€. Great cleanliness and saving of space in works ; since the gas- 
producers are invariably erected on the outside. 

/. Increased command of the heat employed and of the cliemical 
effects produced by the flame ; which can be immediately checked when 
required, or at once changed from an oxidizing to a reducing one, or 
vice versfi 

g. Absence of smoke from the chimney-stack ; which, in the neigh- 
bourhood of large towns, and in some other situations, is of great im- 
portance. 

The Siemens Gas-Producer. — An early form of the gas-producer 
employed by Me>srs. Siemens is shown, figs. 23 and 24. Fig. 23 is a ver- 
tical section, and fig. 24 a plan, partly section on the line P, The body 
of the apparatus. A, is a rectangular fire-brick chamh(‘r, of which the side, 
B, consists of thick cast-iron plates, lined with fire-brick, and having a 
step-grate formed of flat iron bars, b. At bottom tlie bars, C, forming 
the grate, are of wroiight-iron, two inches square, and rest on suitable 
cast-iron bearers built into the masonry. The fuel employed for the pro- 
duction of gas is, in this country, bituminous coal, which should not 
possess the property of caking in too high a degree, but coke, lignite, 
peat, and even sawdust, may, in case of necessity, be used for the same 
purpose. The fuel, whatever may be its nature, is charged into the 
hoppers, D, and, on opening the valves in connection with the weighted 
levers, d, falls on the inclined plane forming the front of the producer. 
Before doing this, however, the top of the hopper, from which a charge 
is about to be let fall, is closed by an iron lid to prevent the escape of 
gas during the operation. In this way the grate is constantly kejit 
thickly covered with fuel, and the accumulated a^^h and clinker are occa- 
sionally withdrawn by removing the bars, C, beneath which they are 
allowed to accumulate for the purpose of conveniently regulating the 
admission of atmospheric air. During the removal of the grate, C, for 
the purpose of clinkering, temporary pointed bars of wrought-iron are 
inserted over the lower bars, b, and allowed to rest on the brickwork at 
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Fig 23.— Siemens’ Gas Producer ; vertical section. 
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the back. In tliis way the fuel in the cavity of the producer U sup* 
ported, so that the asli and dinker may be removed without any inter- 
ruption to the working of the apparatus. When coal of good quality is 
emploj^ed, each producer usually requires clinkering but once in the 
course of forty-eight hours. 

A limited supply of air is admitted at the grate, and its oxygen, by 
uniting with the carbon of the fuel, forms COj, wliich rises tlirough the 
ignited mass, taking up an additional atom of carbon, and thus giving 
rise to the formation of 2CO. The heat thus produced distils off 
hydrocarbons and other gases and vapours from the fuel as it gradu- 
ally descends towards the grate, whilst the CO, diluted by the nitrogen 
of the air, and by a small quantity of unnHluced CO.*, mixed with tlio 
gases and vapours distilled from the raw fuel, is finally conducted by a 
flue to the furnace. 

A pipe, E, supplies a small quantity of water to the ash-]>it, whence, 
as it evaporates and comes in contact with the incamlescent fuel, it 
becomes decomposed, giving rise to carbonic oxitle gas and hydrogen. 
The hose, F, of vulcanized indianihber, is em}ili>yeil for watering the 
clinkers as they are witlidrawn, in order that they may l>e rapidly cooled 
and their removal from before the produeers facilitated. J>y means of 
the plug-holes, G, the workman is enabled to iinpect the .stat<» of the 
£res, and, when necessary, to stir the fuel by th(* aid of an iron bar. 
The sliding dain}K*rs, If, are for the fmrpose of, at any time, cutting off 
the producers from the gas-stack, I. Any in-<irauglit of air through the 
crevices in the brickwork, which would r<».sult in burning the in tlio 
flue, is prevented by constantly imiintaiiiing a slight outward pressure 
in the gas-channel. 

^Vhen the furnaces stand on a couKider.ibly higher level Uian the 
producers, the requircil pressure is obtainetl without ditliculty ; but 
when this is not the case, a special arrangement hee<tmes necessary in 
order to produce this effect. The mo^t simple contrivance for the pur- 
pose is a cooling-tube raised to a considerable height above tlic level 
of the producers. The stack, I, is earned up in brickwork, well hound 
with iron, to a heiglit of from ten to twelve feet, and the ga.ses are con- 
ducted through a horiz<uital tube of wrought-iron, from which they 
pass down, through a similar stack of masonry, to the main gas-flue in 
connection with the furnaces. The ga-es, which rise from the producers 
at a tenij>erature of about 550® C., are thu.s cooled by their passage 
through the metallic tube, and the descending column, becoming more 
dense and heavier than that of the same h*ngth which is a.^'Cending, con- 
sequently overbalances it. A syphon is t!ius foniK'd, of whicli the two 
legs are of equal length, but of which one is filled with a heavier gaseous 
fluid than the other. 

Shortly after the application of this arrangement, Sir C. W, Siemens 
made the following observations relative to its action : — “ This method of 
obtaining a pressure in the gas-flue by cooling the gas has been objected 
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to as ihi'owing away lieat that might be employed to greatoT advanti^e 
in the fntnace ; but this is not the case, because the action of a regene« 
rator is such that the initial temperature of the gases to be heated has 



no effect on the final temperature, and only renders the cooling of the 
hotter fluid more or less complete. The only result, therefore, of work- 
ing the furnace with gas of higher temperature is to increase the heat of 
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the waste gases passing off by the chimney-flue. The complete cooling 
of the gas results, on the other hand, in the great advantage of condensing 
the steam that it always carries with it from the gas-producer, and, in 
the case of iron and steel furnaces, in burning wet fuel, it is absolutely 
necessary to cool the gas very thoroughly in order to get rid of the largo 
amount of steam that it contains, which, if allowed to pass into the fur- 
nace, would oxidize the metal. 

“There is undoubtedly a certain waste of heat, which might be utilized 
by surrounding tlie cooling-tube with a boiler or by othenvise econo- 
mising the heat it gives off, as, for instance, in drying the fuel ; but the 
saving to be effected is not very great, for as 100 volumes of the gas 
require for combustion about 130 volumes of air, including 20 per cent, 
above that theoretically required, the heat given oflf in cooling 1000“ F. 
is no more than would be lost in discharging the products of the com- 
plete combustion of the fuel at a temperature 435“ in excess of the actual 
temperature of 200'’ ; and this loss is greatly diminibhed if a richer gas 
is obtained.” 

He further observes that the composition of the gases varies in accord- 
ance with the nature of the fuel employed and tlie management of the 
gas-producer. An analysis made of the gas from the producers at the 
plate glass-works of »St. Gobain, France, which were supplied with a 
mixture of three-fourths caking coal and one-fourth non-caking coal, 
afforded the following results : — 

Volumes. 

CO . . . 23*7 

H ... 8-0 

CH 4 . . . 2'2 

CO 2 . . 4T 

N ... 61-5 

O ... 0*5 

100-0 

The trace of oxygen present is no doubt due either to want of care in 
collecting the gas, or to leakage of air into the flue ; allowing for this, 
the corrected analysis will stand as under : — 


CO 

H 

CH 4 

CO2 

N 


Volumes. 


24-2 


2I*: 

4-2 I 
61 - 2 ; 


34-6 

65-4 


The first three of these constituents, or about 35 per cent., are alone 
of any use as fuel ; the carbonic anhydride and nitrogen present only 
dilute the inflammable gases. 

Ebgenerative Furnace. — In the regenerative furnace the producer- 
gases and air employed for their combustion are separately heated by the 
waste heat of the flame by means of regenerators placed beneath the fur- 
nace. These consist of four chambers fitted with fire-bricks loosely 
stacked together, so as to expose the largest possible surface to the gases 
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passing between them. The waste gases from the furnace above are 
drawn down through two of these regenerators, heating the upper rows of 
bricks to a temperature little inferior to that of the furnace itself, and, 
passing successively over cooler surfaces, finally escape to the main flue 
of the chimney in a comparatively cold state. The direction of the 
draught is now reversed, and the flame and heated waste gases are em- 
ployed to heat up the second pair of regenerators ; at the same time the 
gases and air entering the furnace are passed in an opposite direction 
through the first pair, and coming, at first, in contact with the cooler 
brickwork below, are gradually heated in their ascent until, on arriving 
near the top, they attain a temperature nearly equal to that possessed by 
lire products of combustion. 

The heated gases and air finally pass up into the furnace, where they 
meet and ignite, producing a strong flame, which, after passing through 
it, is drawn down the second pair of regenerators to a flue in connection 
with the chimney. In this way the temi'ierature of the ascending gas 
and air remains nearly constant, until the brickwork of the upper portion 
of the regenerator has sensibly cooled ; but, by the time this has taken 
place, the second pair of regenerators have become sufficiently heated and 
the draught is again reversed. The current of waste gases is thus made to 
circulate through the first pair of regenerators, by which they again be- 
come heated, whilst the combustible gases and air, entering the furnace, 
are being passed up through the second pair. By reversing, in this 
way, the direction of the draught at regular intervals, a large proportion 
of the heat generated is retained in the furnace, whereas, under ordinary 
circumstances, a very considerable amount w'ould be carried off by the 
products of combustion. Thus, whatever may have been the intensity of 
the heat produced in a regenerative furnace, the temperature of the gases 
escaping to the chimney rarely much exceeds 150° C. 

In ordinary furnaces the amount of heat carried off by the products 
of combustion is often in excess of that utilized, since all the heat below 
the required temperature is entirely lost. The economy of fuel effected 
in the regeneiative furnace, by removing this source of loss and making 
the heat of the waste gases available for raising the tempeniture of the 
flame, amounts, on an average, to 50 per cent, on the quantity used in an 
ordinary funiace, and this saving is greater in proportion as the tempera- 
ture at which tlie funiace is worked is increased. 

When the heat of a furnace is not continually lowered by the 
introduction of fresh charges of cold materials, the temperature for some 
time increases after each reversal of the direction of the draught, as a 
comparatively small proportion of the heat generated is carried off by the 
waste gases. By ascending through the regenerators the gases and air 
become heated to a temperature nearly equal to that of the flame which 
had been previously passing through them in a contrary direction, and, 
when they meet and burn in the furnace, the heat of combustion is 
added to that absorbed in the regenerators. The flame produced is con- 
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sequently hotter than previously to the last reversal, and raises the 
regenerator through which it is passed to a greater heat than before. On 
again reversing the draught, this increased heat is communicated to the 
entering air and gases, and a still further increase in the temperature of 
the flame is the result The temperature that may, in this way, be 
ultimately obtained by the giadual accumulation of lieat in tlie re- 
geneiators and furnace is, in practice, limited by the difficulty of linding 
a sufficiently refractory material for the construction of the apparatus. 

One of the best materials available for this purp<^se are ]>inas fire- 
bricks, consisting of nearly pure silica ; but although tliey perfectly with- 



Vig — Siemtua' Re-heating Furnace , front elevation, valves and fluos in section 


stand the temperature required for the fusion of the most refractory 
steel, the heat can, neveitheless, be so increased as to molt them. 

It was calculated originally that, supposing the direction of the 
draught of a furnace to be reversed every hour, 17 lbs. of regenerator 
brickwork, at each end of the arrangement, per lb. of coal consumed in 
the gas producer |)er hour, would be tlieoretically sufficient to absorb the 
waste heat, if the whole mass of the regenerators were uniformly lieated 
at each reversal to the full temperature of the flame, and then completely 
cooled by the air and gases coming in. In practice, however, this does 
not actually take place, and, consequently, three or four times as much 
brickwork is required in the regenerators as is equal, in regard to capacity 
for heat, to the products of combustion. It has been found by experi- 
ment that a surface of six square feet in the regenerators is necessary to 
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take up the heat of the products of combustion of 1 lb. of coal per hour. 
The arrangement of a reverberatory furnace on the regenerative principle 
will be understood by the aid of figs. 25, 26, and 27. 

The first is a front elevation of a re-heating furnace, showing the gas- 
reversing valves and flues in section. Fig 26 is a longitudinal section 



lig iC — iMcmcnb’ He beating Furnace, longituuuml lectiou. 



F)g 27 —Siemens' Re beHtiiig Fmuate , sectional )lan on L, M 


on A, I>, C, D (fig. 27), and fig. 27 is a sectional plan on L, M (fig. 26). 
The waste heat escaping from the furnace is arrested and absoibed b} 
the masses of open biickwoik, E, F, E' F' (fig 26), while the products of 
combustion subsequently reach the chimney flue in a comparatively cool 
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state. On first lighting the funiace, the gases pass in through the gas 
regulating valve, G, and the reversing valve, H (fig. 25), and entering the 
flue, I, reacli the bottom of the regenerator, E (fig. 26). The air enters 
through corresponding air regulating and reversing valves behind the 
valves, G, H, and passes thence through a flue beliind the partition, K, into 
the regenerator, F. Tlie currents of unheated gas and air ascend separately 
through tlie regenerators E and F, and pass up respectively tlirougli the 
flues, L, M (fig. 27), into the furnace above, where they burn with a 
flame of moderate calorific intensit3\ The products of combustion are 
removed through a similar set of openings at the other end of the furnace, 
and passing into the regenerators, E', F', finally escape through the flue, 
I', and another behind Iv, to the chimney-flue, X. In this way the 
waste heat is absorbed by the brickwork of the regenerators, E', F', whilst 
the gases pass off to the chimney in a comparatively cold state. At the 
expiration of about an hour the reversing valves, through which the 
gas and air are separately admitted to the furnace, are turned over by 
means of levers, and an inward current is established through the 
regenerating chambers, F', M'hich have become heated by the flame 
and waste gases which, previous to the reversal of the valves had been 
descending through them. The air and gases now entering the furnace 
become heated in their passage through the hot brickwork of E', F', and, 
on meeting and entering into combustion, produce a higher temperature 
than that obtained during the first hour, when cold air and gases only 
we.re supplied. 

The waste gases from this combustion at a higher temperature now 
heat the previously cold regenerators, E, F, to a correspondingly increased 
degree. After about an hour’s Avorking of the apparatus with the current 
in this direction, the reversing valves are again turned, and the air and 
gases admitted through the chambers, E, F, which are now very hot, and 
they consequently enter the furnace at a still higher temperature than 
before, producing a heat of increased intensity, and heating the regene- 
rators, E', F', to a still higher temperature than E, F. On reversing the 
current, the air and gases acquire a greater heat than before, and an 
accession of heat is thus, step by step, obtained, until the furnace acquires 
the temperature required ; the heat of the products of combustion being 
always so abstracted that they arrive at the chimney-flue in a compara- 
tively cool state. When the required heat has been acquired by the fur- 
nace, its temperature is readily controlled by the supply of air and gas 
admitted through the regulating valves, and by the chimney damper, 
which is more or less closed as circumstances may require. The regu- 
lating valves are raised and louvered either by a hand-screw or by a 
notched lever, and consequently admit of being readily maintained in any 
required position. 

Although furnaces constructed upon the regenerative principle vary 
considerably in their minor details, their main features remain in all 
cases essentially the same. In a recent paper contributed to the 
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^ J ournal of the Iron and Steel Institute * ^ by Mr. F. Siemens, he calls 
attention to the fact that to obtain the most satisfactory results from the 
regenerative furnace the dimensions of the reverberatory chamber should 
not be too much restricted. 

In all furnaces destined for the production of a very high tempera- 
ture, it has been generally considered, as the first condition of success, 
that the space to be heated should be as small as the particular circum- 
stances of the case will allow, in order that the flame may be brought 
into immediate contact with the refractory lining, and more particu- 
larly with the surface of tlie material lying on the furnace bottom. 
After numerous and careful trials, Mr. Siemens has become satisfied that 
in order to obtain the best results tlie gas-furnace should be so arranged 
that the flame only radiates on the material to be treated, and should not 
come in direct contact with it, as was the case in the older furnaces. 
The gas- and air-ports, instead of being so situated that the flame impinges 
on the nmterial placed uj)on the bottom of the furnace, should open a 
little below the roof of the melting chamber, and also at some distance 
from its side walls. In this way, after ignition, the gas and air have 
unobstructed space for entering into combustion and for the free deve- 
lopment of the flame, which must be kept as much as possible from 
contact with cither the lining of the furnace or with the material to be 
lieated. It is also important that when crucibles, blooms, ingots, or 
piles of iron are operated upon, they should be placed sufficiently far 
apart to allow the radiant heat to have free access all round them. 
When the furnace is provided with working doors, the flame should pass 
above their level, as in that way the workmen will not be inconvenienced 
when watching the operations within the heating chamber. The rege- 
nerating furnace, as now constructed, appears, at first sight, to be unneces- 
sarily wide and high, but by this method of heating high-temperature 
furnaces by radiation, considerable space is required for the development 
of the flame. 

Numerous examples of the efficiency of this improved form of gas- 
furnace .are quoted by the author of the paper, but one of these only will 
be here sufficient. At the Landore Siemens-Steel Works, near Swansea, 
the furnaces, which were altered at the end of 1883 and beginning of 
1884, liad before the end of September in the latter year already out- 
lasted furnaces reconstructed at the same time on the old typo. They 
work more uniformly, consume less fuel, and, on account of the smaller 
amount of oxidation going on, yield a larger out-put than the older form 
of furnace. This improved method of heating has been adopted in 
several steel-melting establishments in this country, and is particularly 
recommended when steel is to be prepared from an inferior quality of 
pig-iron by the adoption of a basic lining. 

Water-Gas. — Instead of using gas obtained from gas-producers of 

1 ‘On a New Method of Heating the Regenerative Gas-Furnace,’ by Frederick 
Siemens, C.E. Jour. Iron and Steel Inst., 18S4, p. 434. 
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the ordinary description, a gaseous fuel known as “ water-gas ” has 
been recently sometimes employed. This gas is obtained by the action 
of superheated steam upon coal, a portion of the fuel being burnt as 
completely as possible into carbonic anhydride and water, while the 
resulting heat is stored up partly in the unconsuined fuel and partly in 
regenerators constructed on the Siemens principle. The heat accumu- 
lated in the regenerators is employed for the preparation of superheated 
steam, which is subsequently passed through the heated fuel, by uniting 
with the constituents of which carbonic oxide and hydrogen are produced 
and employed as fuel. 

Gas-producers upon this principle have been erected at various loca- 
lities in this country by Mr. W. S. Sutherland of Birmingham, who 
employs a system invented in America by Mr. Strong ; a similar apparatus 
has likewise been constructed at Essen, in Germany. All those are 
reported to work more or less satisfactorily, but the results which have 
been hitherto published do not appear to be of a sufficiently detailed 
character to enable a comjiarison to be established between water-gas and 
the gas obtained from the Siemens producer. AVilh a producer on the 
new principle, Mr. Sutherland states he has obtained 55,000 cubic feet 
of gas from one ton of Statfoid^hire coal, or about 25 cubic feet per pound 
of fuel consumed. 

The composition of this gas was, by volume, approximately as 
follows : — 

57 parts H and hydrocarbons. 

85 ,, Oo. 

8 „ C<tf and N. 

100 

As compared with illuminating gas, Mr. Sutherland estimates the 
heating power of water-gas at about one-half, but, on the other hand, it 
can be prepared at very much less cost. By passing the gas from the 
producers through suitable condensers, about IJ gallon of tar and a cer- 
tain quantity of amnioniacal liquor, of 4“ Twaddell, have been obtained 
from a ton of coal. 


KEFRACTORY MATERIALS FOR FURNACES AND 
CRUCIBLES. 

Fire-Stones. — Many varieties of rock, rich in silica, have been em- 
ployed for the refractory linings of furnaces, and before being used for 
that purpose should be stored for a considerable time in a dry ])lace, in 
order to deprive them of moisture. When stratified ro(;ks are used, they 
should be built into the wall in accordance with their natural bedding, in 
order, as far as possible, to prevent exfoliation on the application of heat. 
Sandstones, in which the grains of quartz are cemented by a siliceous 
or argillaceous cement, are sometimes employed for the hearth-stones of 
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bias t-fu maces, but those varieties which contain notable quantities 
either of lime or of iron oxide are not sufficiently refractory. Sand- 
stones containing spangles of mica or grains of iron pyrites are not, 
generally, sufficiently infusible to be so employed ; coarse-grained 
siliceous stones, such as Millstone-grit, are frequently made use of for 
this purpose. 

In the Truckee Valley, State of Nevada, United States of America, 
a diatomaceous fire-stone is obtained, which presents the appearance of 
yellowish chalk. It is, however, much lighter, floating readily when first 
thrown into water, but sinking as soon as it becomes wetted to a cer- 
tain depth. Sp. gr. = 1 *49. It cuts readily, and may be sawn into any 
required form ; it is also easily worked with the axe. 

A specimen of this substance, analysed by A. G. Phillips, afforded the 
following results : — 



1. 

2. 

SiOa .... 

73*32 

73*32 

FeaOa .... 

3*23 

3*18 

AUh . 

9*48 

9*69 

CaO .... 

0*70 

0-82 

K 2 O .... 

0*55 1 

1 0*42 

NajjO .... 

' 0 *62 

0*68 

j H*/), combined . 

7*53 ' 

' 7-49 

HaO, hygroscopic 

4*65 

4*65 


100*08 

100*25 


Talcose slate and soapstone have been sometimes used for the fire- 
w^ork of furnaces, and, from the resistance offered by them to the cor- 
roding influence of metallic oxides, they are occasionally found very 
serviceable. Serpentine, on account of the small proportion of silica it 
contains, is also loss readily attacked by metallic oxides than more siliceous 
rocks ; it is iisetl in Styria for the hearths of blast-furnaces. Gneiss 
is used at Schmbllnitz for the construction of reverberatory furnaces ; 
it is eavsily dressed to the required forms, and offers great resistance to 
liigh temf)(‘raturos and sudden changes of lieat. Granite is employed in 
Cornwall for the outside masonry of lead and tin furnaces, wdiich are 
internally lined with fire-brick. Siliceous sand is extensively used by 
the metallurgist, both for mixing with the fire-clay employed as a cement 
in the construction of furnaces and for furnace-bottoms. The beds of 
the smelting and refining furnaces in copper-w^orks are made of a sand 
of which great accumulations are met wdth at various points along the 
coast of Great Pritain. This sand usually contains about 87 per cent, of 
silica, with a little lime, oxide of iron, and alumina. Sand is also ex- 
tensively employed for moulds both in iron and brass foundries. 

Fire-Clays."— Clays are essentially }iy<lrated silicates of aluminium, 
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awA ou t\vo \>Tv?ence of water of combination depends their plasticity or 
capability of being inonlAed into any required form, when mixed with a 
suitable amount of water. In addition to their combined water, clays 
contain a greater or less amount of hygroscopic moisture, whicli may 
bo expelled by heating them to a 100"* C., without impairing their 
plasticity. 'When clays possess the property of resisting exposure to high 
temperatures, without either melting or becoming sensibly softened, they 
are called refractory days ox fire-clays. These occur in various geological 
cal formations, but more particularly in the Coal-measures. 

"When clays are heated to redness, their water of combination is ex- 
pelled, as 'well as their hygroscopic water, and tlieir property of affording, 
when mixed with water, a plastic mass is thereby destroyed. In this 
dehydrated state clays do not immediately combine with water, altliough 
they absorb it with avidity^, without, liowever, regaining their plastic 
condition. 

The substances found accompanying clays and in a state of intimate 
mixture with tliem are very niimeroiis ; but among the most common 
of these impurities may be mentioned oxide of iron, calcium carbonate, 
and iron pyrites. Tiie pre>ence of these substances materially impairs 
the refractc»ry quality of the clays in which they occur, as, by their 
action on the silica, a s(Mie.s of fumble vitreous compounds is produced. 
The degree of heat nece-sary to effect the fusion of these compounds is 
not entirely d^^'pendent on llie amount of extraneous matter tlnis brought 
in contact with tlie natural silicate, but is also in a remarkable manner 
influence*! })y their nature and iminber. 

In this way a clay containing a given amount of magnesia is found 
to be l<*>s fusible than another similarly constituted, ]>ut liaving a 
certain portion of the magnesia replaced by an (‘qui valent amount of 
lime; if iron oxide be also present, the comi)Oun(l ^^ill b(‘ found propor- 
tionately more easy of fusion. Among the purer varieties of clay, the 
most refractory are those in which tlie proportion of silica is greatest ; 
and reaches its maximum in tho>e sub^taIlc(*s which, altliough exhibiting 
many of the phyisical properties of clays, can scarcely be classified among 
them on account of their very large percentage of silica. Such, for 
example, are the different varieties of earth consisting of the siliceous 
remains of infusoria. 

The composition of several varieties of British fire-clay is given on 
page 111. 

The table of analyses on page 112 gives the composition of several 
foreign fire-clays. 

Lime, Magnesia, Alumina, Ac. — Lime, when heated alone, is one 
of the most refractory substances known, since at no temperature to 
which it has hitherto been subjected does it exhibit the sliglitest indica- 
tion of fusion. Lime crucibles of small sizes are ea.'sily made, and may 
be sometimes useful when very high temperatures are reipiired. Tlie 
apparatus designed by Deville for the fusion of large quantities of 



HSIilH^ AO KOIXIhOJKUJ 


EEPBACTORY MATERIALS, 


in 



1. Stourbridge, Worcestershire ; used ft»r glass - pots ; by C. Tookey. 2. Brierly Hill, Staffordshire; by T. H. Henry. 3. Glascote 
®P*^^®*** Newcastle- on- Tyne ; by T. Richardson. 6. Newcastle-on-Tyiie ; by Hugh Taylor. 7, 8, 9. Dowlais* 

Soi^ Wales ; by E. Riley. — No. 7 is considered the best fire-clay of the district. 10. Glasgow ; by J. Brown. 11. Ireland ; by 

1. ±1. Henry ; clay of excellent quality. 12. Lee Moor, Devon ; by J. A. Phillips. 
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1 . Beleu, Ardeni s. 2. Dourdan, t*Oise. 3. Hayange, Moselle; by Sahetst.—Xo. 3 used for fire-bricks. 4, 5, 6. Clays from 

Belgium ; by Bischof. 7. Schoningen, Hanover ; by Streng S. 9. Kipfendorf, Saxe-Coburg ; by Fresenius. 10. Almerode, Hessen-Cassel ; 
by Berthier, 11. Va lendar, near Coblenz. 12. Mehltin, near Konigswinter. 
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platinum, by the combustion of coal-gas with oxygen, consists of a box 
of cast-iron lined with rectangular blocks of lime. 

Magnesia is quite as infusible as lime, and bricks of this material 
are sometimes employed. The mixture of lime and magnesia, obtained 
by subjecting dolomitic limestone to a very high temperature, is much 
used for lining the Bessemer converter in the basic process for steel- 
making. 

Alumina is an extremely refractory substance, and cannot be melted 
at the highest temperatiu'e obtainable in our furnaces. According to 
Deville, crucible may be made of a mixture of hydrated or gelatinous, 
alumina with a proper proportion of alumina which has been previously 
strongly heated. With two parts of gelatinous alumina, two of strongly 
heated alumina, and one of caustic lime, crucibles may be prepared which 
only soften slightly at the temperature of fused platinum. The mineral 
known as bauxite, which is essentially a hydrated silicate of aluminium, 
has sometimes been employed as a lining for furnaces. 

Sesquioxide of chromium, Cu( >3, and chrome iron ore, reCr204, are 
among the most refractory substances known. The former has been 
used as a bed or crucible for melting platinum in, while the latter 
lias been applied in Russia as a lining for kilns for calcining dolo- 
mite, and for preventing contact between the siliceous brickwork and 
the hearth-lining in the basic open-hearth steel process, subsequently 
described. 

Fire-Bricks. — The qualities required of fire-bricks differ in accord- 
ance with the purposes to which they are to be applied. Sometimes it is 
important that they should not become softened in any sensible degree by 
continued exposure to very great heat. In other cases it is necessary 
that they should withstand great and sudden changes of temperature. It 
is often essential that they should be capable of withstanding consider- 
able pressure when strongly heated, and their capability of resisting 
the corrosive action of metallic oxides is also a consideration of im- 
portance. 

It is seldom possible to produce a fire-brick capable of fulfilling all 
these conditions from clay alone, and, consequently, such additions of 
other materials are made as will afford bricks suited for the particular 
purpose for which they are required. Many varieties of clay which 
possess the requisite degree of infusibility are, when subjected to a rapid 
change of temperature, liable to split, from the expansion or contraction 
of the mass. These additions consist chiefly of pure siliceous sand, and 
ground and previously burnt fire-clay, which, without increasing the fusi- 
bility of the compound, have the property of rendering the material less 
liable to become disintegrated through the rapid application of heat or a 
sudden reduction of temperature. 

The manufacture of refractory bricks is conducted in a very similar 
way to that of bricks employed for building purposes. 

The fire-clay, after being for some time exposed to the air, is crushed 
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under a pair of heavy ed^e-stones, whore it is ground, cither with or 
without the addition of siJica, or of previously baked clay of the same 
description, until it has been reduced to the state of somewhat coarse 
powder. Tliis falls through a hole in the bed, and is thence mounted by 
buckets on an endless chain into a large cylindrical sieve, by which it is 
divided into two classes. The coarser fragments, which do not pass 
through the meshes, are returned under the edge-runners, to bo again 
ground, while the finer particles, which have passed through the apertures, 
are conducted by an endless belt to a convenient situation, where they 
are deposited under a small continuous stream of w'ater. The mixture is 
subsequently incorporated in a pug-mill, and moulded into bricks in the 
way adopted for the more common varieties employed for building. A 
man and a boy can in this way, with a hand-mould, make and lay out to 
dry, 1,500 bricks as a day’s work. When sufficiently dried, they are 
baked during several days in kilns containing from 15,000 to 20,000. 
A ton of cod. is, on an average, required for the baking of every 3,000 
bricks, which are all placed on edge, lengthways, and separated from one 
another by about a lingers breadth in order to allow a free passage between 
them of the heated gases produced by the combustion of the fuel, which 
is consumed at the extremity of the pile furthest removed from the 
chimney. 

The following table gives the composition of fire-liricks from various 
localitiea : — 


Composition of Fire-Bricks. 






1. 

2. 

3. 

4. 

5. 

6. 

SiO^ . 




63 09 

84-65 

88*43 

61^*30 

/ 5 3 'i 

71-02 

ALO, 




29 09 

8-85 

6*90 

28-50 

21-47 

26-47 

CaO . 




0-42 

1 90 

3-40 


trace 

trace 

MgO 




0*66 

0-35 

trace 

... 


0*44 

FeO . 






... 


1 79 

trace 

, Fe./), 




2-88 

, 4 25 

1-50 

2-00 , 

... 

0-80 

' K/) . 




1*92 


... ' 

... )i 


{ 0-50 

1 Xa.jO 




0*31 

1 

! 

... j 

... 

1-38 

‘ 0-42 

1 TiOj. 

• 


* 

2*21 

1 - 

... j 

••• ) 


( S. trace 





100 58 

I 

100-00 

100-23 

99-80 

100-00 

99-65 


1 , Dowlais ; by E. Kiley. 2. From Windsor clay ; a mixture of 30 
per cent, of clay and 70 of sand ; by Richardson. 3 . From Pembroke ; 
used in copper- works ; by Napier. 4. Creuzot, France ; used for blast- 
furnaces ; by Berthier. 5. Lee Moor, Devonshire ; by Abel. 6. From 
same locality ; by J. A. Phillips. 

The following analyses of an ordinary ‘‘blue fire-brick,” from Buck- 
ley, North Wales, were made in the author’s laboratoiy by Mr. W. T. 
Gentfc Sp. gr. = 2*28 
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1. 

2. 

S 103 .... 

FeO ... . 

Fe^Os .... 
MnsOi .... 
AI 2 O 3 .... 
CaO ... . 

MgO . . . . 1 

K 2 O . . . . 1 

Na^O .... 
HgO, hygroscopic . 

72*45 

trace 

4*09 

•30 

20*83 

•30 

trace 

•61 

•62 

•13 

72-63 

trace 

4-78 

35 

20*70 

•29 

trace 

•63 

‘57 

i 


99-93 

100*11 


The “ silica ’’ fire-bricks of South Wales, which are probably the most 
infusible bricks employed in this country, consist almost entirely of silica, 
and, instead of being chiefly composed of fire-clay, are made from a dis- 
integrated sandstone, found at Dinas and various other places in the 
Yale of Xcath. 

Two specimens of ‘‘Dinas clay,” obtained from different mines, ana- 
lysed by Mr, W. W eston in Dr. Percy's laboratory, afforded the following 
results : ^ — 


2 . 


9673 

1-39 

0-48 

019 

0'20 

0-50 


99*49 


Canister is a siliceous material, somew^hat similar in composition to 
Dinas stone, found in the lower Coal-measures of South Yorksliire. It 
is to some extent plastic when ground and tempered wdth water, and is 
largely used for the lining of Bessemer converters and other purposes in 
the Sheffield steel-works. 

Crucibles. — Crucibles are commonly manufactured either by working 
the prepared clay on a potter's wheel, similar to that employed in making 
ordinary pottery, or by compressing it in moulds, which thus communi- 
cate to the mass the required form. Sometimes, also, although more 
rarely, they are prepared by covering with clay a mandrel made either 
of metal or of hard wood, and having the exact fomi and dimensions of 
the internal cavity of the vessel required. Crucibles should be capable 
of resisting sudden changes of temperature without fractui’e. They 
^ Percy’s * Metalluigy ; ’ Fuel, p. 147. 


SiOa 

FeO 

CaO 

K^OANasO . 
HoO, combined 


98*31 
072 
018 
0'22 
014 
0 35 


99*92 
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should also be nearly infusible, be unacted on by the ashes of the fuel 
by which they may be surrounded, and withstand the corrosive action 
and permeation of such substances as melted lead oxide. It would, 
however, be difficult to prepare crucibles capable of fulfilling all these 
conditions, and it is consequently found better to select the mixture in 
accordance with the use to which it is to be applied, than to attempt the 
manufacture of pots applicable to every purpose. 

When it is desired to prepare crucibles capable of withstanding sud- 
den changes of temperature, the prepared clay is intimately mixed with 
various infusible bodies which impart to the mass the property of neither 
expanding nor contracting in a sensible degree on being strongly heated 
and afterwards rapidly cooled. These substances generally consist of 
siliceous sand, ground flints, calcined clay, graphite, or powdered coke. 

The most infusible crucibles are prepared from clays containing the 
largest proportion of silica, and in which the amount of lime and oxide 
of iron is small. The infusibilit}" of clay, like its power of sustaining 
sudden changes of temperature, may be much increased by a judicious 
admixture of materials, which, forming a kind of infusible ground- work, 
prevent the crucible from being deformed by exposure to a temperature 
by which it would otherwise be destroyed. The most efficient materials 
for this purpose are siliceous sand, graphite, or powdered coke, added to 
the clay in the proportion of about one-fifth ; if, in the case of the two 
latter, a larger amount were used, although the infusibility of the crucible 
might be increased, the carbonaceous matter would be liable to become 
consumed and the crucible gradually destroyed. 

The composition of several varieties of manufactured cnicibles has 
been examined by Berthier, some of whose results are arranged in the 
following table : — 


Place of Manufacture. 

SiO,. 

AljO^ 


Mgo 

Crucibles, Hessian 


70*9 

24-8 

3-8 


ft 

from Paris .... 

• 

64 6 

34-4 

1 0 



„ Savignies, near Beauvais 


1 72-3 

1 19*5 

3*9 1 

1 ... , 


„ England, for melting steel 

• 

71-0 i 

23-0 

40 1 

... 1 


„ St. Etienne, for do. 


65*2 

26*0 

7 2 


Glass Pots 

„ Nemours 


1 67*4 

32-0 

0-8 


tt 

1 

„ Bohemia 


68-0 

29*0 

2*2 

6-5 ' 


In order that an earthen crucible may be but slightly attacked liy the 
bodies fused in it, it is necessary that the particles of which it is com- 
posed should be finely divided and closely compressed, and also that the 
materials of which it is made should not readily form fusible compounds 
with the substance operated upon. 

The metals and their ores, with the exception of their oxides, gene- 
rally exert little action on crucibles made of ordinary fire-clay, although 
galena, together with certain other substances, has the property of filter- 
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ing through the pores of some earthen crucibles without exercising on 
their constituents any extensive chemical action. The degree of facility 
with which clay pots yield to the action of metallic oxides is usually 
tested by the fusion of litliarge, which is maintained in the fluid state 
until the pot becomes pierced by its corroding action, when the time 
necessary to produce this effect is noted and compared with similar results 
obtained with other crucibles. Black-lead crucibles, and those in which 
ground coke has been incorporated, are attacked by fusible metallic 
oxides, through the gradual oxidation of the carbon, which results in the 
reduction of a portion of the metal. 

The degree of fusibility of crucibles and other refractory bodies may 
be ascertained by a direct experiment conducted in the following man- 
ner : — A piece of the substance to be examined, which for this purpose 
should present numerous sharp edges, is heated, in a refractory crucible, 
lined with powdered charcoal, to the fullest extent possible in a largo 
wind- furnace. The pot and its contents are then allowed to cool, and on 
afterwards examining the contents, it will be observed whether the 
thin edges of the fragment have become rounded or have been rendered 
translucent ; in which case it affords a sufficient indication that a com- 
mencement of fusion has taken place. 

The permeability of crucibles by liquids may be determined by fdling 
them with water, and noting what time elapses with each variety before 
any apj)earanco of dampness is perceived on the outside. 

For the purpose of ascertaining their power of resisting sudden 
changes of temperature, crucibles may be thrown, without any previous 
annealing, into an intensely heated furnace, and afterwards withdrawn 
and at once ex])Oaed to a current of cold air. 

Crucibles are used both in the unburnt and burnt state. Small 
crucibles are usually kiln-burnt before they are used, but tlie large 
Stourbridge clay casting-pots, which are extensively employed by brass- 
founders, are never previously burnt. They are first gradually and 
thoroughly dried by the maker in properly constructed stoves, and are 
afterwards kept for use by the founder on shelves in some dry and warm 
situation in the casting-shop. A fire is made in a cold furnace and 
covered to a depth of a few inches with coke, broken to a convenient 
size. On this the crucible is placed in an inverted position, and the 
furnace filled up with coke. When the crucible has become uniformly 
red hot it is withdrawn, and immediately replaced with its mouth up- 
wards. It is a somewhat remarkable fact that pots of this description 
which are at first put into a furnace with the mouth upwards almost 
invariably crack. 

Four different kinds of crucibles are used by assayers in this country , 
viz., the London, the Cornish, the Hessian, and the French; of these, 
the two former arc most extensively employed. 

London crucibles are of a reddish-brown colour, and are close in grain, 
but are liable to crack, and consequently require to be very gradually 
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heated*. They lesiet the corrosive action of fused lithaijfe remarkably 
well, and, with careful management^ are very serviceable for fusions with 
oxide of lead The Patent Plumbago Crucible Company, of Battersea, 
have for some years manufactured crucibles closely resembling in appear- 
ance the “creusets de Paris,” b\it they are considerably thicker. 

Crucibles are manufactured in Cornwall for the use of copper-assayers. 
They are usually made round, and of two sizes, one of which fits into 
the other ; those of the larger size are 3 inches in diameter at top, and 
3 J inches in height, outside measure. These crucibles are not capable of 
withstanding very high temperatures, or of resisting, for any considerable 
time, the action of melted litharge. They can, however, be intro<luced 
into a hot furnace without cracking, and can be more generally employed 
for assays than almost any other description of crucible. They were 
formerly made by Mitchell of Truro and by Juleff of Redruth, and those 
of the two makers were, for general purposes, almost equally good, 
although Juleff *s crucibles, which were made of a mixture of Teign- 
mouth and Poole clay and of sand from St. Agnes Beacon, were some- 
what less rapidly acted on by fused oxide of lead. Mr. Juleff has 
transferred his business to the Battersea Crucible Company, but Mr. 
Mitchell continues to make pots of good quality. 

The shape of the Cornish pots is somewhat inconvenient from their 
flatness at the bottom, but in all cases V’here sudden changes of tem- 
perature are to be undergone, they are to be preferred to every other 
variety, except those manufactured by Beaufay of Paris. 

Hessian crucibles are sold in nests of six, gradually diminishing 
JD size so as to successively tit into one another. They an* niaile of 
a mixture of Alnierode clay and sand, and are generally triangular at 
toj), so that their contents may be conveniently pourc'd from either of 
the comers. Tliey withstand a tolerably high heat without softening, 
but are liable to be cracked by sudden changes of tenijierature, and are 
readily permeated by fused metallic oxides. 

French crucibles are circular and considerably deej»er in proportion 
to their width than the Hessian. Tliey are also made of more finely 
ground materials, and present a smooth surface both inside and out. 
Those made by Beaufay are of excellent quality, and not only withstand 
a high temperature, but likewise retain melted litharge for a long time 
without becoming pierced. They are, however, somewhat brittle, and 
require that the tongs u^^ed for withdrawing them from the fire should 
not grasp them too roughly. They are by far the best crucibles for assays 
of gold and silver ores, in making which large quantities of litharge are 
employed. 

Plumbago or black-lead crucibles are more frequently employed as 
melting-pots for the fusion of metals and alloys than for the purposes of 
wsaying, and are manufactured of good quality by the Patent Plum- 
bago Crucible Company, and others. 
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IRON. 

Iron, as produced on the large scale, invariably contains in combination 
some proportion of varions foreign elements, which, although small, may 
have a very marked influence upon its strength and working qualities. 
In a systematic investigation of its properties, it is therefore necessary to 
obtain the metal as nearly as may be in a chemically pure condition, for 
which purpose three different methods are adopted, namely — 

1. Fusion of wrought-iron with iron oxides. 

2. Reduction of iron oxides by hydrogen. 

3. Electrolysis of a ferrous salL 

1. Tlie first of these methods is applicable to the purer kinds of 
%vrought-iron, such as the wire used for pianos, which contains only a 
small pro}K)rtion of carbon. This, when intimately mixed with about one- 
tenth of its weight of iron oxide and strongly heated, loses its carbon, 
wliich is oxidized to carbonic oxide, a corresponding amount of iron 
being reduced. The best way of obtaining sufficient contact between 
metal and oxide is to cut tlie wire into small pieces, and to partially 
oxidize it by heating it in the air, or, what is better, exposing it to a 
current of steam in a porcelain tube at a red heat. The superficially 
oxidizinl metal is then melted in a clay crucible under a glass flux free 
from heavy metallic oxides, which requires about an hour of full white 
lieat in an air-furnace. Combined carbon and silicon are removed by the 
oxygen of tlie ft*rric oxide, and the excess of tlie latter fluxed with 
silica fnmi the crucible forms a slag, while the metal collects as a well- 
melt*‘d button at the bottom of the cmcible. 

2. l^ure ferric oxide, when heated to redness in a current of pure dry 
liydrogen, is completely reduced with an equivalent production of water, 
til us, — 

Fe.^Oj + 6II = 2Fe + 3H.O. 

The metal obtained is a dull dark-coloured powder, which should be 
uniformly grey if the reduction is complete, otherwise it is black from 
intermixed magnetic oxide. For complete reduction, steady heating and 
a mj)id current of gas to remove the water-vapour as it is formed are 
essential. This is the most exact method of obtaining iron from its 
compounds, but has the disadvantage of giving a form of metal which 
is finely divided and extremely susceptible of oxidation ; especially if 
produced at a low temperature, when it is pyrophoric, and bums spon- 
taneously on exposure to the air at ordinary atmospheric temperatures. 
When the reduction is eflfected at a strong red heat, the metal is less 
susceptible of oxidation. Its pyrophoric tendency is also enhanced by tiie 
presence of foreign substances, such as unreduced iron oxide, alumina, &c. 

The following modification of the hydrogen method of reduction 
was employed by Matthiessen. Ferrous and sodium sulphates mixed in 
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nearly equal proportions are melted in a platinum crucible, and heated 
until no more sulphur dioxide is given olf. This gives a crystalline 
ferric oxide, which can be more easily purified from adherent foreign 
matter than the hydrated oxide precipitated from solution by alkalies. 
The sodium salt is removed by long and careful washing with boiling 
water, which is continued as long as traces of sulphuric acid can be 
found in the washings. The oxide is then reduced by hydrogen, and 
the reduced metal, when cooled and solidified by compression in a steel 
mould, is melted in a lime crucible by the oxy-hydrogen flame. Iron so 
obtained is free from all impurities excej)t a minute trace of sulphur. 

Iron may be obtained in cubic crystals when the vapour of ferrous or 
ferric chloride is heated in hydrogen. This requires a very high tempera- 
ture, the reduction being eflfected in a porcelain tube. 

3. Iron may be obtained in coherent films by the electrolysis of solu- 
tions containing ferrous and magnesium sulphates, provided that they be 
kept neutral by the addition of carbonate of magnesium. The deposit, 
at first brilliantly metallic, subsequently becomes velvety in lustre and 
covered with gas-bubbles. It is hard (between 5 and 6 of the minera- 
logical scale) and brittle, but w’hen heated to redness in vacuo acquires 
softness and tenacity, and takes a darker colour. The metal obtained by 
the electrolysis of a mixture of feiTous chloride with sal-ammoniac forms 
brittle "warty masses, which are hard enough to scratch glass. This hardness 
is due to the absorption of hydrogen, which is given off when the metal 
is heated in vacm to the extent of from 240 to 250 times its volume, corre- 
sponding approximately to a composition of FciglLw In this respect 
iron resembles palladium, but, unlike the latt(‘r metal, wljcn once de- 
prived of its hydrogen it does not re-absorb it when used as the negative 
electrode in a voltameter. 

According to Crookes, metallic magnesium decomposes a solution of a 
ferrous or ferric salt, with evolution of hydrogen and the separation of 
pulverulent metallic iron. The metal so obtained is exceedingly pure, 
dissolving in acids without residue, and evolving hydrogen free from 
odour. 

Crystalline Form. — Iron crystallizes in the cubic system, tlie form 
most generally observed being cubes or octahedra, the latter often in hollow- 
faced or skeleton shapes, and grouped into tree-like aggregates. Solid 
masses obtained by fusion, that have not been subjected to hammering, 
when polished and etched show a granular crystalline surface, often with 
interlacing plates, forming a square or triangular network similar to 
those obtained in meteorites, and known as Widmannstatten's figures. 

Specific Gravity. — The maximum density of electrolytic iron appears 
to be about 7 '9. Most commercial varieties of the metal are considerably 
lighter, or from 7*5 to 7*7. It may be diminished by strains, such as are 
developed by cold-rolling or wire-drawing ; and in such cases the higher 
density is restored by annealing. 

* Tenacity. — Iron is one of the strongest of the malleable metals; 
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the purest commercial kinds, e.e., those containing least carbon, bear a 
tensile strain of 14 tons per square inch without permanent elongation, 
and break at a strain of about 22 J tons. The strength of steel in the 
form of wire of 0 093 inch section, when hard, has been found to be as 
much as 154 tons per square inch, and its elastic limit 53 tons per 
square inch. 

Thermal Relations. — Pure iron melts at a temperature which has 
been estimated at about 1,500° to 1,600° C., being more fusible than the 
allied metals manganese, cobalt, and chromium, but less so than nickel. 
At the highest artificial temperatures, such as those of the electric arc and 
the Lesseiner process, it may be volatilized, and burns with the produc- 
tion of a dense orange-red smoke. 

Optical Characters. — When polished, iron has a characteristic dark 
grey colour, being less white than platinum, and not so blue as lead, 
Muth a perfect metallic lustre. When obtained in very thin films by 
electrolytic deposit on platinized glass (from 

inch thick), such as have been used by Kundt in experiments on the 
electro-magnetic rotation of the plane of polarization, it transmits a pale 
yellowish or brown isli liglit. 

Electrical Relations. — The electric conductivity of soft iron is 
about 16 per cent, of that of copper or silver at ordinary temperature^, 
but the ])resence of even minute quantities of foreign matters lowers 
it very considerably, manganese being the most active in this respect. 
According to Preece, wires of equal resistance (one ohm) made of 99 '7 
and 99*11 per cent, iron, weigh respectively 4,500 lbs. and 5,974 lbs. 
})er mile, whence it appears that diminishing the iron by increases 

the resistance by one-third. The conductivity is also diminished by 
hard-drawing and increased by annealing. 

Soft iron becomes magnetic when brought into contact with, or into 
the field of, a permanent or electro-magnet, but such magnetism is only 
temporary. The harder varieties containing carbon, though of lower 
magnetic capacity, become permanently magnetized in virtue of a pro- 
perty known as coercive force^ which is most developed in the very 
hard alloy containing tungsten known as tungsten steeL Manganese 
diminislies the magnetic capacity of iron very rapidly ; the alloy with 25 
per cent, of manganese is not attracted by the magnet. 

The following determinations of the magnetic capacity of different 
kinds of iron have been made with Professor Hughes’ induction 
balance : — 


Hadfield's manganese steel 

Electro-Magnetic 

Capiicity. 

2 

Residual 

Magnetism. 

0 

Cast-iron, hardened 

160 

10 

Shear-steel „ ... 

292, 

47 

Cast-iron, annealed 

406 

42 

Huntsman's cast-steel, annealed 

. 450 

45 

Shear-steel „ 

472 

40 

Charcoal iron „ 

677 

11 

Best charcoal iron „ 

610 

5 
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Electro-deposited iron when saturated with hydrogen is highly 
magnetic, and a thin strip of such iron, when suspended, comes to rest 
in the plane of the magnetic meridian, like a compass needle. The 
transparent films previously noticed are found by Kundt to be ex- 
tremely energetic in rotating the plane of a polarized ray, the rotatory 
power, for equal thicknesses, being computed to bo 34,000 times that of 
glass, and 1,462 times that of quartz. 

Relation op Iron to Oxygen. — Pure iron may be preserved inde- 
finitely without alteration in dry air or in water that is free from air 
and carbon dioxide, at ordinary atmospheric temperatures ; but when 
heated to redness in air or oxygen, it burns with the production of mag- 
netic oxide (Fe 304 ). The same result is obtained when pyrophoric iron 
ignites spontaneously. When steam is passed over iron at a red heat, it 
is decomposed with the evolution of hydrogen and a similar production 
of magnetic oxide. This reaction goes on continuously as long as the 
hydrogen is removed, but if it is allowed to accumulate in the atmos- 
phere, the decomposition is stopped as soon as a particular gas-tension, 
which is constant for any given temperature, is reached. A similar 
result is observed in the inverse operation of the reduction of magnetic 
oxide by hydrogen, which is stopped as soon as the water-vapour has 
attained a particular tension in the hydrogen atmosphere. The same 
class of phenomenal s observed in the reduction of an iron oxide by car- 
bonic oxide, and has an important bearing upon the reduction of the ore 
in the smelting process. 

Iron combines with oxygen in several proportions, but of these only 
three are of consequence metallurgically considered, namely, protoxide 
or ferrous oxide, peroxide or ferric oxide, and their comi»ound known 
as magnetic oxide of iron. 

Ferrous Oxide. — Ferrous oxide or protoxide of iron having the com- 
position FeO is known only in combination. It may be obtained as a 
hydrate (FeO'HjO) by the addition of an alkali to the neutral solution of 
a ferrous salt, when it goes down as a white preeij^itate, which, however, 
rapidly changes colour, becoming brown by tlie absorption of oxygen 
from the air, and changing to a hydrate of the sesquioxide. The same 
instability characterizes all the salts of ferrous oxide, such as the sulphate 
and carbonate, and also the chloride, all of which pass into the ferric 
state, unless protected from the action of the air. 

Ferric Oxide. — Peroxide, or sesquioxide of iron has the comj)Osition 
FejOs (containing iron 70, oxygen 30 per cent.), and occurs in nature in 
several states of aggregation, which are distinguished by particular 
names, as described under “Iron Ores.” It may be prepared artificially 
by exposing metallic iron, at or near red heat, to the continued action of 
air, when it is obtained as a dense red powder, varying in colour from 
orange red to purplish red, according to the state of aggregation. ‘An- 
other and more general method of preparing it is by the calcination 
of ferrous sulphate, FeS 04 , which is decomposed with the production 
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of ferric oxide, FegO^, and the anhydrous sulphuric acid, 803. The 
oxide so obtained is a red powder known as “ crocus,” which, when care- 
fully levigated in water, gives powders largely used for polishing under 
the name of “ rouge.” 

When steam is passed over ferric chloride (FeaCle) at a red heat, 
hydrochloric acid and ferric oxide are fonned. The latter is in brilliant 
crystalline scales of a bluish grey colour and strong metallic lustre, 
exactly similar to the natural mineral known as oligsite. Specular iron 
ore occurs as a common constituent of volcanic rocks. 

Ferric oxide, however prepared, when pulverized gives a bright red 
powder of about sp. gr. 5 , which is, under ordinary conditions, stable in 
the air ; but when brought to a high temperature, such as that of the 
oxy-hydrogen jet, it is partially decomposed with the production of mag- 
netic oxide (Fe304). It is soluble in oxygen acids, forming salts which 
have a tendency to desiccate into complex basic compounds, and are 
comparatively unstable. With hydrochloric acid it gives ferric chloride 
(FeoClo), which is very soluble in water. 

When the solution of a ferric salt is treated with an alkali, a chalky 
flocculent precipitate of a yellowish brown colour is produced, which is 
a hydrate of ferric oxide or a ferric hydrate (FeaOa * wHgO). The propor- 
tion of water varies with the temperature at which the separation takes 
jdace; the most usujU variety being tlie sesquiliydrate (2Fe203*3H20), 
which is of the same composition as the natural mineral, brown iron ore, 
or limonite. By long-continued boiling a deeper coloured substance, the 
monohydrate (FcsCla’IIaO), ih obtained. This is of the same composition 
AS the natural mineral Gcithite. 

Rust Oxide. — Metallic iron is not subject to change at ordinary tem- 
])eratures in perfectly pure air, or in water free from air and carbon 
dioxide ; but when exposed either to moist air or fully aerated water it 
is rapidly attacked with the formation of a dull brown crust, more or 
less coherent, of so-called runt, which is essentially a hydnited ferric oxide. 
The change is accompanied with the decomposition of water, and inci- 
dentally a small quantity of ammonia is formed by the combination of 
nascent hydrogen with the nitrogen of the air, and is absorbed by the 
rust. The film of oxide produced being strongly electro-negative to the 
metal below, a voltaic action of some energy is set up under the influence 
of water in the air, and continues until the metal is entirely oxidized or 
converted into rust. This change is accompanied with a great increase 
of volume, the bulk of the rust formed being about ten or twelve times 
that of the original metal, and is capable of producing considerable 
mechanical action, bars of iron being often burst asunder when rust- 
ing is set up by infiltration of water through surface cracks. 

Magnetic Oxide. — When metallic iron is exposed to a very high 
temperature in air or oxygen, it bums with the production of black 
molten globules that are attractable by a magnet, having a composition 
represented by Fe304 or FeOTegOs, containing iron 72 - 4 , oxygen 27*6 per 
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cent. The oxide that forms on the surface of masses of wrought- Jon 
at the heat of working in the forge or rolling-mill, known as scale-oxide, 
is of a similar composition as a whole. The calcination of ferrous car- 
bonate also gives rise to magnetic oxide, the expulsion of carbon dioxide 
being accompanied by the absorption of oxygen, owing to the instability 
of ferrous oxide in the free state. 

Magnetic oxide is one of the most stable compounds of iron, both at 
high temperatures and also as regards resistance to atmospheric alteration, 
both of which properties liave important bearings on metallurgical prac- 
tice. 

Iron and Sulphur. — 'When finely divided iron and sulphur are 
heated together, combination takes place with a considerable develop- 
ment of heat ; the product, normal ferrous sulphide, or iron nionosul- 
phide, FeS, containing iron 63*6, sulphur 3C*4 per cent. It is also found 
when hydrogen sulphide or an alkaline sulphide is added to the solution 
of a ferrous salt not containing free acid. The sulphide obtained by the 
first method is fusible, giving a dark-coloured substance of a semi- 
metallic lustre and ]>rassy iridescence, cr^’stallizing in the cubic system, 
which is fairly stable at liigh temperatures in a neutral atmosphere, but 
when exposed to air at a low red heat (as in a calcining furnace), is con- 
verted into sulphur dioxide and ferric oxide. When heated to redness 
in steam, magnetic oxide is produced. Tlie finely divided precijntated 
sulphide is also very unstable, being rapidly changed by exposure at 
ordinary temperatures to ferrous sul])hate. 

Iron monosulphide occurs in nature as an independent mineral 
called troilite, which is, however, extremely rare, being confined to 
meteorites ; but in combination with the similarly constituted sulphides 
of other metals it appears in numerous species, such as Eisennickelkies 
(2FeS'NiS), copper pyrites (CuFe'Sj) and black zinc blende (/iZnS.FeS), 
while similar sub.stances are commonly formed artificially in so-called 
matte or regulus. 

Finely divided or spongy iron, obtained by reduction in liydrogen or 
carbonic oxide, when heated in furnace gases containing sulphur dioxide, 
decomposes it, taking up the sulphur. 

Bisulphide of iron, ferric persulphide (FeS-j) iron 4G*7, sulphur 53*3 per 
cent., is the most im])ortant natural sulphide of iron. It occuis in two 
forms, cubic or yellow pyrites, and white rhombic pyrites or marcasite. 
Substances of similar composition may be prepared artificially by heating 
the lower sulphide in ferric oxide with hydrogen sulphide, alkaline 
bisulphides or sulphur, at a carefully regulated heat below redness, 
and above 100“ C. But these methods are of little practical interest. In 
nature it is commonly formed by the reducing action of decomposing 
organic matters upon ferrous sulphate, and of organic sulphur compounds 
upon ferric hydrate. The crystallized varieties differ considerably in 
their resistance to atmospheric alteration, the yellow or cubic forms, when 
in compact masses and large crystals, may be kept unchanged for long 
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periods, but when finely divided and exposed to damp, both compo- 
nents are oxidized, with the production of hydrated ferrous sulphate, 
(FeS 04 . 7 H 20 ), and sulphuric acid. This is the action known as vit- 
riolization, which is one of the most important agents of change in tho 
vicinity of mineral deposits, such as the formation of alum, gypsum, the 
various sulphates of copper, <fec., by the reaction of sulphates and 
sulphuric acid upon the soluble or decomposable constituents of the 
adjacent rock. 

White iron pyrites is more readily vitriolized than the cubic varieties, 
and is a prominent cause of the spontaneous ignition in coals, which 
often contain it in a finely divided state. 

The ultimate product of the atmospheric alteration of pyrites is ferric 
hydrate (limonite or brown iron), a change which is illustrated, on the 
largest possible scale in various mineral districts. The sulphur in such cases 
is probably removed as a soluble sulphate of some other metal, as the 
whole of the iron of the original pyrites may be found in the ferric 
hydrate produced. 

When iron pyrites is heated to redness in closed vessels, the whole or 
a portion of the second atom of the sulphur may be volatilized and sub- 
limed as such, leaving a residue of ferrous sulphide or of magnetic sul- 
phides ; but when the heating takes place with access of air, it burns 
with tlie ultimate production of sulphur dioxide and ferric oxide. This 
property is taken advantage of in the use of pyrites for making sul- 
phuric acid, the residue forming a coherent mass of the same shape as 
tlie original pyrites. In order to obtain complete desulphurization it is 
necessary to prevent fusion, in which case ferrous or magnetic sulphides 
would result. 

When pyrites is finely interspersed through ferrous carbonate, it is 
mainly converted by calcination into ferrous sulphate, which can only bo 
removed from tlie ore by long-continued exposure to the air, by solution 
in rain, or by artificial watering. 

Suljdiide of iron also occurs in nature under the name of pyrrho- 
tine or magnetic pyrites. It crystallizes in hexagonal forms, is slightly 
magnetic, and is chiefly valuable for containing nickel and cobalt in 
Sweden, and gold in Brazil and some other countries. 

Iron and Carbon. — AVhen ferric oxide is heated to redness in a 
current of carbon dioxide or any hydrocarbon gas, such as olefiant gas, 
C2H4, marsh gas, CH4, or the vapour of benzole, paraffin, or analogous 
substances, it is reduced in the same way as by hydrogen, but with this 
difference, that carbon is invariably separated and taken up by the 
metal. This may be rendered apparent by dissolving the reduced metal 
in dilute sulphuric acid, when the hydrogen given off has a fetid smell 
resembling that of crude petroleum, which is not the case when the 
reduction has been effected by hydrogen. The same result is obtained 
when pure iron is heated with carbon in any form, wdicther as charcoal, 
graphite, or diamond, the amount taken up depending chiefly upon the 
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temperature at which the operation is performed and its duration ; the 
maximum being for theoretically pure metal about 4 per cent. This 
change, known as carburization, is the most important fact in determin- 
ing the nature and properties of commercial iron, which are mainly 
classified b}” their proportion of contained carbon. Thus — 

1. Malleable or wrought iron contains less than 0*2 per cent, of 
carbon, is infusible except in special furnaces, gives unsound castings, 
and cannot be tempered or hardened by quenching in water from a red 
heat ; but can be welded and generally wrought under tlie hammer, being 
eminently malleable and ductile. 

2. Steel includes all kinds of iron containing not more than 1*75 per 
cent of carbon. These vary considerably in fusibility, hardness, suscep- 
tibility to tempering, and malleability, the first two properties being 
increased by increase of carbon, while the others are diminished. 

The limit of about 0*4 or 0*5 per cent, may be taken as that of 
ordinary malleable steel, above which lie the more special qualities of 
tool and cutlery steel, which are chiefly valuable for their hardness. A 
metal with about 2 per cent., which cannot be forged but is slightly 
malleable in the sense of bearing a slight hammering without breaking, is 
used for draw-plates, 

3. Cast-iron includes all metal with more than 2 per cent, of carbon 
up to a maximum of about 4 per cent. This, as the name implies, finds 
its most important application in the production of articles cast to 
patterns in moulds. 

Condition op Carbon in Iron. — Carbon may exist in cast-iron and 
steel, either in chemical combination or interspersed through the mass of the 
metal in the crystalline form of graphite. When it is in the former con- 
dition, the metal is hard, somewhat largely crystalline, uniform in character, 
and silvery white in colour — this is known as white-iron; when it Ls in tlie 
latter the structure is not uniform, the brilliant particles of metal being 
mixed with dark scales of graphite, giving a general grey tint, the depth 
of which increases with the proportion of the carbon so sei)araU*d — this is 
known as grey-iron. When white cast-iron is dissolved in dilute sulphuric 
acid, a considerable proportion of the carbon being set free in tlie pre- 
sence of nascent hydrogen combines witli tlie latter gas, forming hydro- 
carbons, which are recognised by the strong smell, or even, in some cases, 
ihay be obtained as condensable oils. Grey- iron, on the other hand, 
dissolves up, leaving the bulk of its carbon behind in the form of graphitic 
scales, which are not affected by acids. If, however, white-iron is 
brought into solution without the decomposition of water, as, for instance, 
by cupric cldoride, which is decomposed with the production of ferrous 
chloride and metallic copper, the carbon separates as an amorphous 
sooty powder, while the graphite remains with its characteristic crystalline 
character. This method is of wide application in the analysis of iron and 
^eeL Apart from the influence of other elements whicli will be sub- 
sequently considered, the condition of carbon in cast-iron is largely 
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de^rmined by the method adopted in casting ; the same metal which is 
grey when cast in sand moulds and slowly cooled, will be white when 
cast in thick iron moulds, which allow of rapid cooling, or, as it is termed, 
chilling. In the first case the carbon is graphitic, while in the latter it is 
in the combined condition. 

In those varieties of iron that contain less carbon than cast-iron the 
same general principle holds. Thus steel when hardened by quenching 
in water from a red heat dissolves without residue, but when brought 
back to the soft state by annealing, a flocculent residue is obtained. This 
consists mainly of carbon, but not entirely, as it contains some iron, 
corresponding approximately to the composition Fe^^C, and is known as 
aemi-comhined or hardening carbon. 

Irox and Silicon. — When ferric oxide intimately mixed with 
finely divided quartz or sand and charcoal is in a crucible exposed to 
the highest attainable temperature of an air-furnace, the metal obtained 
contains both carbon and silicon, and the proportion of the latter may, 
under favourable conditions, amount to 20 per cent. Unlike carbon, 
however, silicon appears to be unable to exist in the pure or graphitic 
state, being invariably in combination. These compounds, which re- 
semble cast-iron, but are harder and more brilliant, were formerly curio- 
sities, but are now made for special purposes of steel manufacture under 
the name of silicite or /errchsilicon. The latter name is not strictly cor- 
rect, as will be subsequently shown, manganese being invariably present 
in considerable quantity as well as iron. 

Silicon is also a common constituent of ordinary cast-iron up to 1 *5 
or 2 per cent, in those varieties used by the iron-founder; the proportion 
being largest in the darker coloured varieties. The large-grained, dark 
grey metal used in the Bessemer process, as originally constituted, con- 
tains about 2^ per cent. AMien containing 5 to 7 per cent, the metal 
is known as glazy- or glazed-iron. This is only an accidental product, 
and has no direct use. Mottled- and white-irons, such as are used for 
conversion into malleable iron, contain less silicon, and should, if pos- 
sible, be entirely free from it, although this latter condition can only be 
attained by certain special methods of manufacture. 

The compounds of silicon and iron, although stable at high tem- 
peratures when melted in a reducing atmosphere, are easily decomposed 
when heated in an oxidizing atmosphere, both iron and silicon being 
oxidized, with the formation of normal or dibasic ferrous silicate, 
Fe 2 Si 04 . This substance, which crystallizes in forms analogous and 
almost identical with those of the mineral olivine, a similarly constituted 
fen’ous magnesium silicate, may be easily formed by melting quartz, sand, 
and ferric oxide mixed in the proper proportions in an iron crucible with 
sufficient carbon to reduce the latter to ferrous oxide at a strong red 
heat. The product, which runs very liquid, is a nearly black crystal- 
line rcgulus with a semi-metallic lustre, which in the thinner plates is 
sometimes of an olive-green tint. It is usually opaque and somewhat 
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magnetic, which is, however, due to the inclusion of magnetic oxide of 
iron. The slags of processes of iron-smelting in which oxidation is 
involved, such as the direct production of the malleable metal from the 
ore and the fining or conversion of cast-iron into malleable iron, consist 
wholly or in part of ferrous silicates, and as their production involves 
the formation of two molecules of ferrous oxide for each molecule of 
silica, or for every unit of silicon times its weight of iron is scorified 
and rendered useless, it will be easily seen that the exclusion of silicon 
as much as i>ossible from all metal destined for forge purposes is essential 
to economic working. It is different, however, witli foundry and steel- 
making metal, where, as will be subsequently shown, silicon has valuable 
properties. Ferrous silicate may be partially reduced by heating with 
carbon, when two-thirds of the metal arc separated, the reinaind(*r form- 
ing a silicate of the constitution )*, (diferrous trisilicate) ; but by 

the substitution of another base, sucli as lime, complete reduction may 
l)e effected. This latter condition is utilize<l in the treatment of tlie 
large quantities of slag or cinder produced in puddling- and re-heating fur- 
naces, which contain more than half their weight of iron, and are largely 
used in admixture with ores in the hlast-fumace. Pig metal so i)roduced 
is known as cinder-pifj, in contradistinction to that smelted from freshly 
mined ores, or minC’jng. 

When ferrous silicate is heated in air at a temperature below its 
melting-point, it is wholly or partially changed by oxidation into a mix- 
ture of ferric oxide and silica, uhich substances, being chemically indif- 
ferent, form a material which is exceedingly refractory, so long as it is 
not subjected to the action of reducing gases. This property has Ixjeii 
utilized for the pixxluction of a material for puddling-furnace bottoms, 
which is obtained by calcining tap-cinder broken into lumps in kilns, 
when a certain proi»urtion liquates out as a fusible slag, leaving a 
refractory residue known (is ImllHlofj, 

Irox and I^HOSPHORUS. — These elements enter very readily into 
combination, forming several compounds. Among the best-defined are 
the following : — 
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The first of these is formed by heating iron, reduced by hydrogen, in 
phosphorus vapour, and the last, which is the most stable, by partially 
reducing ferrous phosphate with carbon, under a covering of salt, in a 
crucible at a strong heat. The amount of carbon must be so proper- 
tioned as to prevent the separation of metallic iron. The phosphates of 
earthy bases, when heated in contact with an oxide of iron and carbon, also 
give rise to iron phosphides, which are diffused through the mass of 
the reduced iron. This condition obtains in iron-smelting; practi- 
cally the whole of the phosphorus contained in the ore, flux, and fuel 
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passing into the reduced metal. Phosphorus so combined is exceed- 
ingly stable, and can only be completely removed from malleable iron or 
steel by special methods, involving the use of high temperatures and 
large quantities of fluxes. 

The effect of phosphorus upon malleable iron is essentially one of 
hardening, raising its ultimate tensile strength, but diminishing its ex- 
tensibility or working property. Up to about 0*3 per cent., the working 
quality of the metal is not affected, but beyond that limit cold- shortness, 
or a tendency to break when hammered cold, is set up. This is very 
marked with 0*8 per cent., and with 1*0 per cent the metal becomes 
brittle. In steel the injurious effect is more marked, 0*1 per cent being 
about the permissible limit. Phosphorus in cast-iron increases the 
fluidity of the metal, and for this reason that smelted from bog ores is 
of value in the production of small and intricate ornamental castings, 
although it is unfit for castings requiring great strength. 

Iron and Nitrogen. — When iron wire is heated for several hours in 
a current of dry gaseous ammonia, the metal becomes somewhat whiter 
in colour and harder, and there is an increase in weight. The amount 
of the latter change is variously stated by different observers at from 0*2 
to 12 or 13 per cent., and appears to depend upon the amount of surface 
exposed. Nitrogen has also been found in very small quantities by 
Bouis and Boussingault (0*005 to 0*124 per cent.) in commercial iron and 
steel. Allen has also demonstrated its existence in steel ingots. 

It is doubtful, however, whether this constituent is of any importance 
in modifying the structural properties of the inetaL In the method of 
steel-conversion by cementation, the presence of cyanides has a marked 
effect in accelerating the process. 

Iron and Manganese, &c. — From the metallurgical point of view, 
these metals are very closely connected ; in fact, the metallurgy of the 
latter can scarcely be said to exist apart from that of iron. Manganous 
oxide, MnO, unlike ferrous oxide, is not reduced by carbonic oxide, but 
requires the direct contact of carbon ; neither is it possible practically to 
obtain the pure metal, the simultaneous reduction of iron, with which 
the manganese unites, being a condition for obtaining it on the large scale. 
Pig metals containing manganese, in which iron predominates, are known 
as manganiferous cast-iron and spiegeleisen ; the latter name, signifying 
looking-glass-iron, refers to the large platy structure of the metal when 
broken. Spiegeleisen contains more combined carbon than white cast- 
iron, or up to as much as 6 per cent. The maximum amount of carbon 
taken up by manganese is said to be about 8 per cent. The most man- 
ganiferous varieties are known as ferro-manganese. These alloys have no 
direct use, but are essentials in the modem practice of steel-making on the 
large scale. The largely platy crystalline structure of spiegeleisen is not 
apparent when there is more than 25 to 30 per cent, of manganese present 

Manganese may exist in malleable iron, and in steel in small proper-, 
tions, up^to 0*4 or 0*5 per cent, without altering their properties, except 
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somewhat increasing both tenacity and malleability. About 1 *5 per cent, 
gives a very hard tool* steel, when the carbon is similarly increased. 
Latterly, alloys known as Hadfield’s manganese steels, with from 7 to 30 
per cent, of manganese, have been made. They are remarkable for com- 
bining extreme hardness and toughness. 

Chromium combines with iron and carbon, forming chromiferous pig- 
irons, somewhat similar in appearance to those containing manganese. 
To steel it communicates great haitlness without diminishing its tough- 
ness. Tungsten may be contained in steel up to a considerable percentage, 
communicating intense hardness and great coercive force for magnetism ; 
it is doubtful, however, whetlier there is any true combination. 

Copper and iron do not form any true alloy except in the presence 
of a third metal; in the cupriferous pig-iron, occasionally produced in 
blast-furnaces, the coj)per is interspersed through the mass, pn^serving its 
characteristic colour. To malleable iron and steel copper is said to com- 
municate red-shortness, although this is not now generally accepted, the 
effect being attributed to the concurrent presence of sulphur. Arsenic and 
antimony are very prejudicial to iron, although their presence can only be 
considered as exceptional The effect is similar to that of phosphorus. 

Titanium may be present in pig-iron to the extent of about 1 per 
cent, when titanih^rous ores form jwirt of the smelting charge ; but it is 
not known to exert any special effect upon the quality, and when sucli 
metal is converted into malleable iron or steel, the titanium is entirely 
eliminated. 

Vanadium has been found by Riley in the pig-iron of AViltsliire and 
Northamptonshire smelted from oolitic brown iron ore.s, and the same 
element has been found in the Cleveland ores and in pisolitic ores in 
Jlavaria and Wurtemberg. A minute quantity was also detected by 
Sefstrom in bar-iron made from the magnetic ore of Taberg in Sweden, 
which was in special repute for wire-drawing ; but no s|>ecial influence, 
beneficial or otherwise, can be attributed to its presence in the present 
state of knowledge of this subject. 

Alloys of Iron. — The combinations of iron with the metals j>roper 
are very few, and are mostly confined to those nearest to it in chemical 
characteristics. Zinc takes up about 7 per cent, of iron when k(*pt melted 
for a long time in iron vessels, a condition which is realiz(*d in the process 
of galvanizing. Tlie hard zinc so obtained is a source of loss in the pro- 
cess, as it has only received certain special applications in working bronzes 
or compound copper alloys. Tin and iron alloy freely, ])ut their compounds 
are useless. A small proportion of tin acts very j)rejudicially upon mal- 
leable iron, a fact which interferes with the use of tin-plate waste for 
re-manufacture into bar-iron. Nickel alloys readily with iron without 
affecting its malleability, as is evidenced by the native irons of meteoric 
origin, which are as a rule nickeliferous. Neither lead nor silver unite 
with iron when melted, a property which is largely utilized by the lead- 
smelter and refiner gold is readily taken up when the two metals are 
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melted together. Platinum and iron alloys occur native, and are easily 
formed, combination taking place at temperatures far below the melting- 
point of either metal. This fact is often brought into disagreeable 
prominence when iron compounds are excessively heated in platinum 
crucibles. According to Faraday and Stodart, 1 per cent, of platinum 
in steel gives a very tough and fine-grained product, and similar results 
are obtained with other metals of the platinum group, such as palladium, 
rhodium, osmium, and iridium 


Iron Ores. 

Iron ore is most abundantly distributed over the earth’s surface, both 
as native metal and as a component, either principal or subordinate, in a 
great variety of complex minerals. For metallurgical purposes the latter, 
and among these only the oxides and carbonates, are of primary import- 
ance. 

Native Ikon. — Solid bodies have often been observed to fall through 
the atmosphere, and these, when picked up, are found in many cases to 
consist almost entirely of metallic iron. Similar but much larger masses, 
which are presumably of similar origin, up to several tons in weight, 
have been found in the drier regions of the earth, such as Mexico, Peru, 
and Central A^ia. These so-called meteorites are essentially iron free from 
carbon, often containing a notable proportion of nickel, and numerous 
compounds, such as ferrous sulphide (troilite), sulphide of chromium 
(daubreelite), calcium sulphide (oldhamite), and phosphide of iron and 
nickel (schreibersite), which are not known as terrestrial minerals; 
besides magnetic pyrites, chromic iron, magnetite, pyroxene, olivine, and 
anorthite, which are common constituents of volcanic rocks. In many 
meteorites the whole mass is made up of iron in a compact state, which, 
when polished or etched, develops the structure of interlacing plates 
known as Widmannstatteii’s figures, while in others it is associated with 
the siliceous minerals above named in various proportions, in more or less 
connected masses or diffused in grains. The latter condition is reproduced 
in certain basalts, such as those of Antrim, which, according to Andrews, 
contain grains of metallic iron, as do also some of the lavas of Auvergne. 
The surface of meteorites is often covered with a brilliant siliceous coat- 
ing resembling a black varnish, caused by superficial fusion ; the mass 
becoming intensely heated from the sudden retardation experienced on 
entering the earth’s atmosphere. Among the more remarkable masses of 
meteoric iron may be mentioned that of 1,600 lbs. discovered by Pallas 
in Siberia ; one in Brazil of 12,000 lbs. ; one found in the Gran Chaco or 
interior plain of South America of 16,000 lbs. ; and that of Durango iu 
Mexico, weighing about 20 tons. Several remarkable masses have also 
been found at Ovifak in Greenland, the largest about 28 tons, but these 
are now supposed to be of terrestrial origin and to be derived from a 
mass of basalt. 
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f Metallic iron is sometimes found when coal seams have taken fire in 
the vicinity of beds of iron ora The product is melted into globules or 
buttons with a granular fracture resembling hard cast-steel. A mass of 
this kind was found some years since in Central France, where a coal 
seam was formerly on fire for some time. 

The following analyses give the composition of meteorites from three 
diflerent localities : — . 

Analyses of Meteorites. 
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1. From Siberia ; by lierzelius. 2. From Ivcnarto ; by W, S. Clarke. 
3. From Knoxville, Tennessee ; by J. L. Smith, 

The ores of iron may be most conveniently considered at first accord- 
ing to their mineral classification, with their composition when in the 
pure state ; the actual composition on the large scale being subsequently 
given wlien describing their associations and distribution. 

Magnetic Iron Ore, — Magn/iif*\ Fer Oxydule^ Mafjiwteimu — This 
crystallizes in the cubic system, usually in octahedra or rliombic dode- 
cahedra, with an imperfect octahedral cleavage ; but granular and com* 
pact forms are more general than crystals. Colour and streak iron-black ; 
sp. gr. 5-5 '2 ; hardness 5%5-6'5. Characteristically magnetic, being 
easily attracted by the magnet, and sometimes having polarity ; also 
forms natural magnets capable of supporting considerable weight, but 
these are rare. Com]»osition Fe/lg -FeO, or Fe 304 , corresponding to iron 
72*48 and oxygen 27*52 per cent. 

Magnetite is most abundant in the older crystalline and slaty rocks, 
such as granite, gneiss, mica-, hornblende-, and chlorite-schist, and in 
crystalline limestones. Very perfect crystals are found embedded in 
chlorite-schist ; they are also common in the form of interspersed grains 
in basalts and other igneous rocks. 

Frankianite. — Cubic, crystallizing in forms exactly similar to those 
of magnetite, which it otherwise resembles, except^ that it is less de- 
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cidedly magnetic ; has a browniah streak ; sp. gr. 6*1. In composition it 
is essentially a magnetite, containing zinc and manganese oxides partly 
replacing both those of iron. The average of several analyses by 
Rammelsberg gives: iron 45*16, manganese 9*38, zinc 20*30, oxygen 
26*16 per cent This mineral is restricted to a few localities near 
Franklin, New Jersey, where it occurs in large quantities, associated 
with oxide and silicate of zinc, in a large deposit in metamorphic lime- 
stone. The mixed minerals are first treated for zinc, and the residues 
as manganiferous iron ore. 

HiBMATiTB. — Specvlar Iron Ore^ Fer Oltgide, Eisenglanz. Rhombo- 
hedral. — Crystals often combinations of rhombohedra and scalenohedra, 
or tabular hexagonal plates, of a dark steel-grey colour and metallic 
lustre. Opaque, except when very thin, when they transmit a brownish 
red light. Streak cherry-red. Sp. gr. 4*8 to 5*3. Hardness 5*5-6 *5. 
Composition, FcaCa, corresponding to iron 70 and oxygen 30 per cent. 
In addition to the crystallized forms, there are numerous other kinds, 
distinguished by special names. The most important of these is red 
ha^maWe proper, kidney ore, or Bother Glaskopf, which occurs in uniform 
masses, showing a fibrous radiated structure when broken. The outside 
is very lustrous, but the fracture often dull. Red ochre and puddler's 
ore are soft eartliy varieties of a bright red colour. Micaceous iron ore 
is a variety in thin crystalline scales, very slightly coherent, which soil 
the fingers like blacklcad. Olujide^ iron glancc\ and speexdar or looking- 
glass ore are the hardest crystalline kinds ; the latter is found in Brazil, 
in plates several inches across. 

Ha*niatite is found both in crystalline and stratified rocks, in the 
former often associated with magnetite. The best crystallized examples 
are from Elba, Brazil, and St. Gothard. Kidney ore is largely developed 
in irregular dej)osits in the Carboniferous Limestone. Very brilliant 
crystals of specular iron are also found in the lavas of modem volcanoes ; 
the finest examples are those from the Island of Ascension. The softer 
varieties are sometimes ground, and used as paint for covering ironwork. 

Martite is a mineral of a problematic character, having the octahedral 
form of magnetite, and the composition and physical characters of hsema- 
tite. It occurs in considerable quantity in the Marquette district of 
Lake Superior, and also in Brazil and a few other localities. It is now 
generally considered to be a pseudomorphous variety of magnetite. 

Ilmbnite. — Titaniferons Iron Ore, Fer Titane, Titaneisen, Rhom- 
}>ohedral. — Crystals almost identical in form and dimensions with those 
of luematite, but with hemiliedral development. Generally massive, of 
a dead black colour, and peculiar, even, non-granular fracture. Sp. gr. 
4*5 to 6. Hardness 5-6. It contains ferric oxide and titanium dioxide 
in varying proportions, ferrous oxide, and invariably some magnesia. 
The composition varies considerably. Iron from 37 to 68, titanic oxide 
17 to 58, *magneeia 2 to 15 per cent. When the titanium is low, it 
passes into a titaniferons magnetite or lisematite. 
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The characteristic localities of ilmenite are in the older rocks of 
Norway, Canada, and the Northern United Statea It is also found in- 
terspersed in igneous rocks, which, by their waste, produce the heavy 
black sands common on many rivers and sea-beaclies in different 
countries. 

Turgite. — Hydrohoematite^ Turgilife^ Titrgit, — This, the lowest 
hydrate of ferric oxide, is of the composition 2Fe205.H20, corresponding 
to ferric oxide 94‘7 (iron 66*3), water 5*3 j>er cent. Specihc gravity 
3*74. Hardness 5. 

It resembles massive red hiematitc, though somewhat greyer or 
browner in colour, having a fibrous radiated structure, and gives a 
bright red streak. Some varieties with the structure of hard kidney 
hiematite decrepitate violently when heated. It is generally included 
with haematite, but is probably common as an indei>endent mineral. 
Much of the soft red ore of Bilbao apj)ears to be of this composition, 
and it is also found in Brazil, the Urals, and Connecticut. 

Gothite. — Woofl Irm Ore, Gcethiie, Nadehiaenerz. — Crystallizes in 
rhombic forms analogous to tliose of the similarly constituted minerals 
diaspore and manganite ; they are very brilliant, in various shades of 
reddish-brown to nearly black. These crystals, by transmitted light, are 
brown to blood-red. It also occurs in mammillated, radial, fibrous forms, 
like those of red haematite, but brown or yellow in tint (wood iron ore). 
Streak brown or reddish brown. Specific gravity 3 8-4*4. |{ar<lnc>s 
5*5. Composition Fej( * HjO, corresponding to ferric oxide 90 (iron 63); 
w’ater 10 per cent. Tlie darker-coloured varieties often contain man- 
ganese. 

Gothite is essentially a product of the alteration of other iron ores, 
particularly haematite and spathic ores. The pim\st cry'^tallized examples 
have been obtained from Kestormel in Cornwall, Lake Superior, and 
the Thuringian mines. 

Limonite. — Bog Iron Ore, Brown Hamaiite, Ojryde Hydrate, 
Brauneisendein, Basenehenerz, — The above are some of the namch aj)pli(*(l 
to the most abundant and least exactly defined among iron ores — the 
ferric hydrates with a maximum of water. In the richest form they 
approximate to the composition 2Fe203*3]Ij(), corresponding to ferric 
oxide 85*6 (iron 60), and water 14*4 jKjr cent., or the same as rust oxide. 
But generally they contain other bases, and sometimes silica, manganese* 
oxides, phosphoric, sulphuric, and arsenic acids, and in bog ores organic 
matter ; so that the proportion of iron is, as a rule, considerably lower. 
The colour is usually some kind of rusty br )wn, blacker when mangani- 
ferous, and the streak yellowish brown. 

Being a product of the alteration of other minerals, it very commonly 
assumes their forms, notably those of cubes of iron jiyrites in mineral 
veins, and of oolitic limestones and their fossils in the great Jurassic 
iron ore deposits of England, Luxembourg, and Lorraine. Apart from 
these, the most common mode of occurrence is in stalactitic or slag-like 
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masses, and concretionary forms, often hollow. Bog iron ores have a 
peculiar resinous lustre. Pisolitic or bean ores are found in nodules, 
having a polished surface about the size of a haricot bean, filling pipes 
and funnels in limestone rocks. The lake ores of Sweden are granular 
limonites deposited under water, which contain infusorial remains in 
considerable quantity. The pigments known as ochres and umbers are 
limonites of an almost impalpable texture, containing clay ; which, when 
calcined at graduated temperatures, produce a great variety of yellow and 
brown colours. In this country limonite is usually known as brown 
hsBmatite, or, in special cases, as hydrate of iron. The more general 
name of brown iron ore would in most cases be preferable. German 
smelters call argillaceous or earthy haematite Thonnsensteirif which is 
thus difTerent in meaning from its literal Engli^ equivalent, clay iron* 
stone, a term restricted to the nodular carbonates of the Coal-measures. 

SiDERiTE. — tSj^cif/iic Iron Grey Splicarosideritey Fer Spathiquey Spath- 
eii^vniitein, Rhombohodral. — Crystals principally simple rhombohedra, 
often with curved faces, also hexagonal flat prisms. In large deposits in 
crystalline aggregates, varying from largely plated to finely granular in 
texture ; also in masses without apparent crystalline structure. Under 
j>articular conditions it may be nearly white, but discolours very rapidly 
on exposure ; generally fawn colour, changing to brown or nearly black. 
Streak colourless. The largely crystalline varieties have a pearly lustre ; 
tlie finer-grained and com]»act kinds are duller. Si)ecific gravity 3*0 to 
3*85. Hardness 3*5. Composition FeCOs, corresponding to ferrous oxide 
62 (iron 48*2), and carbon dioxide 38 per cent. This represents the 
tlieoretical composition, which is not realized on a large scale, part of 
the ferrous oxide being invariably replaced by some other base, such as 
manganese oxide, lime, or magnesia. The manganiferous varieties are 
the most valuable, but are liable to contain sulphides of other metals, 
sucli as copper and l(‘ad. Tlie calcareous and magnesian varieties pass 
into the substances known as brown -spar and dolomite as the iron 
diminishes. Tlie non-crystalline varieties are clay ironstone or hall 
ironstone (spluTrosiderite), which resembles nodules of hardened clay or 
(*arthy limestone, and is found in the shales of the Coal-measures ; clay- 
hand ironstone, of similar composition, but in connected beds rather 
than nodules, and hlaclchaiid ironstone, containing carbonaceous matter 
sufficient for calcination. The two latter varieties are found in the Scotch 
coal-fields. Spathic ores are exceedingly susceptible of change, and are 
often altered to considerable depths into brown ores (hydrated peroxides), 
which are of a dark colour when resulting from manganiferous ores, and 
stalactitic, cellular, or spongy ; the change being attended with a large 
increase of volume. Such ores are among the most valuable from their 
easy reductibility. 

In addition to the native minerals or ores proper, certain ferruginous 
substances, obtained as accessory or waste products in other metallurgical 
processes, arc utilized by the iron-smelter. The most important of these 
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htepurj^e ore or Mae hiUy, certain slags known as tap- and flue-cindars, 
and the scale or oxide pixxiuctHl in forges and rolling-mills. The first of 
these is the n'si«lue obtaiiunl from tlie treatment of cupriferous iron 
pyrites by the method of wet extraction, and consists essentially of ferric 
oxide ill a nearly pure state, the j>rinci|»al impurity being a little sulphur, 
mainly as sulphate of lead. Considennl as an iron on^ it is exceedingly 
rich, but the jwwderiHl state in which it is deliverer! to the smelter 
somewhat detracts from its value. It is cliiefly u.Ne<l in the puddling 
process. 

Tajv and flue-cinders are essentially ferrous silicates, the former pro- 
duced in the puddling process, and the latter in re-heating and wchling- 
fiirnaces. Roll- and haninier-scale an* osentinlly magnetic (»\i<les of 
iron ; they are chiefly usetl in the forges, where they art* ]fnHiuced in 
making up puddling-furnace bottoms. 


I )LnT1UBUT10S of luoN ( 

The ores of iron, the composition of which has been indicated in the 
preceding paragraphs, are on the large scale associated with foreign 
minerals, which often materially influence their commercial value. 
Thus, a rich on* may be rendered almost valueless by tlie admixture of a 
notable quantity of calcium phosphate or of iron ]»yrite8, wdiile, on the 
other hand, a few* units of mangjinese in a spathic ore, t>r of coaly 
matter in an argillaceous carlionate, though diminishing the* absolute 
contents of iron, may add considerably to the selling price. It is there- 
fore necessiiry to consider these associations somewdiat in detail, by liaving 
in review the characteristics of the principal iron-j>rotlucing dijstricts. 
Ores of iron are found in rocks of every geologiciil jjcriod, from the 
Archaean gneiss and granite'^, fonning tlie base of tlie geological series in 
America, to the newest Po^t-tertiary, forming tin* gn*at plains of both 
the northern and western continents ; but the more important deposits 
may, speaking generally, be said to be conlined to a few j)riiicipal hori- 
zons, as foliow’s : — 

1. Archaean gneiss and schists. Most of the magnetites and schistos<‘ 

haematites of North America, Prazil, Scandinavia, India, and 
Eastern Algeria. 

2. Silurifin period. The oolitic haematite of the Clinton series in 

North America i.s the most considerable rejiresentative ; the 
magnetite of Utah, and spatliie ere of Styria and Carinthia. 

3. Devonian period. Spathic ores of the Lahn and of North Devon. 

Red bmmatite of Nassau. 

4. Carboniferous period. Red haematites of the Mountain Limestone 

in Cumberland and Lancashire. Ciayband and blackband iron- 
stones of Coal-measures in Great Britain and Westphalia. 

5. Liassic and Oolitic i>eriods. Oolitic carbonates of Cleveland. 
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Oolitic limonites of Northamptonshire, Luxembourg, &c. Red 
haematites of Southern France and Western Algeria* 

* 6 . Cretaceous period. Red and brown ores of Biscay. 

7. Tertiary period. Aluminous limonites of Southern France and 

of Antrim. 

8 . Post- tertiary period. Lake and bog ores of Sweden, Finland, 

and North Germany. Pisolitic and granular ores of South 
Germany and Central France. Laterite of India and South 
America. 

Magnetic Ores. — These ores, which, when massive, are often asso- 
ciated with hspinatite, are to a great extent confined to the older crystal- 
line rocks of Scandinavia and North America, and generally occur in 
irregular beds in liornblendic and cliloritic schists, in crystalline lime- 
stoiK.'^, or as irregular veins and masses in rocks of eruptive origin. In 
the Laurentian rocks of Canada this ore is abundantly found in the gneiss 
and iiietamorphic limestones of the basin of the Ottawa; it usually occurs 
in the fonn of irregular beds, 'which, although not of any great lateral 
extent, are often of considerable thickness. Although of excellent 
({uality, they have not been, as yet, extensively worked. One of the 
lai*gest deposits of iron ore in Euro})e is probably that of Gellivara, in 
Swedish Lapland, situated about ninety miles from the liead of the Gulf 
of Bothnia. According to the description of Erdmann and others, it 
forms a hold hill rising out of swampy ground, and consists of a number 
of parallel bauds of magnetic and specular iron ores interlaminated with 
hornbleiidic and quartzose rocks. Some of these beds are between one 
hundred and two hundred feet in thickness, and may be traced for a dis- 
tance of nearly seven hundred yards. Calcium phospliate is present in 
some of the beds, while others are apparently free from this impurity ; 
iron j»yrites appears to be almost entirely absent. The ore, on an average, 
contains about 90 i>er cent, of magnetic oxide of iron, and 3i per cent, of 
silica. In some of the bauds phosplioric acid is present to the extent of 
n(*arly 2 i)er cent. ; others, on the contrary, contain only traces of this 
substance. These ores have been known for a very long period, but 
from the inaccessible nature of the country in which they occur, little 
use has been made of them ; a railway to these mines from the Atlantic 
coast is now, however, being made. 

The celebrated mines of Dannemora, in Sweden, are situated on the 
lake of the same name, about thirty miles from Upsala. The ore, which 
is a fine-grained magnetite, occurs iu an irregular belt a mile and a half 
in lengtli, and is specially employed for the manufacture of iron of the 
highest class. It occurs in crystalline limestone and felsite, and the 
workings extend to a depth from the surface of more than a liundred 
fathoms ; the annual production does not, however, exceed 25,000 tons. 

The following analyses show the composition of magnetic iion ores 
from various foreign localities : — 
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Analtsb8 op Maonbtio Ibon Orks— Fobeion. 
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C.l-CO 1 
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Xo. l,from Daniiemora, containing minute trace*^ of iron pyritc.< ; by 
'Wanl. 2 and 3, from Roslagen, on the east coast of Sweden, north 

of Stockholm ; by Noad. No. 4, from Mokta-el-Haddid, Algeria, con- 
taining both magnetite and haematite. 

Deposits of magnetite have been worked for several centuries in the 
neighbourhood of Arendal, in Norway, wdiere they extend in a line nearly 
parallel with the coa.st for a distance of about thirteen miles. The ore 
occurs in hornblendic and micaceous schists, and cliiefly consi.*9ts of 
magnetite without any admixture of luTmatite. 

On Lake Wetter, depo.sits of magnetite, in the form of .strings and 
masses, are found in the Taberg, disseminated through porj)hyritic rocks. 
They form a hill of more than 350 feet in height, and, although com- 
paratively of low produce, yielding only about 25 i)er (*ent. of metal, yet 
fuel being cheap in the district, they are worked with advantage. The 
metal produced is of good quality, and i.s especially adapted for wire- 
drawing. In the Ural, magnetite occurs under somewhat similar con- 
ditions to those which characterise the deposits in the vicinity of Lake 
Wetter. At Ni.schne-Tagilsk, a ridge of rock 300 fathom.s in length, 
250 broad, and about 40 in height, is, for the most part, made up of 
pure magnetite. 

The Cerro Mercado, near Durango, Mexico, a hill 300 feet in height, 
is in great part composed of massive magnetite associated with sjmcular 
iron ore, brown haematite, quartz, and calcite. Magnetic ores are found 
in large quantities in the Adirondack and other mountain regions of 
Northern New York and in the adjacent parts of New Jersey. Among 
the more important of these deposits are those of Crown Point and Lyons 
Mountain, near Lake Champlain. At the latter place a b(id-like deposit 
a>x)ut 16 feet thick has been worked on the dip for several hundred feet 
below the surface, and has been traced for about two miles along the 
course. The ore, a rich magnetite in felspathic gneiss, is not so free 
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from phosphoms as that of Sweden, and is largely used in the direct pro- 
duction of malleable iron blooms in the open fira The Cornwall ore- 
bank in Eastern Pennsylvania consists of alternations of magnetite with 
serpentine and chloritic schists. The ore averages 50 per cent., and is 
free from pljosphorus. The out-pnt is the largest of any single mine in 
America. Large deposits of magnetite have been described by Newberry 
in Southern Utah, in shales supposed to be of Lower Silurian age 
^Magnetite is one of tlie component minerals of the great schistose ore de- 
posit of Mokta-el-Haddid, pear Rona, in Algeria, which has for many years 
}>een one of tiie most prociuctive mines of the world, but, as the analysis 
sliows, the bulk of the ore is liaematite. ^lagnetic ores of high quality 
occur near Salem in Madras, and were formerly smelted to some small 
extent for export. There are also important masse*? of magnetic and 
si>eculaT ores in the Chanda district in the Central Provinces of India, 
which both in composition and mode of occurrence are very similar to the 
Algc'rian ores. 

In this country magnetic iron ores are of comparatively rare occur- 
rence, but near lirent, in South Devon, magnetite is found in diorite, 
forming a deposit of alK>nt a foot in thickness ; it also occurs on Dart- 
moor;*at Treskerby, in Cornwall, it is found in a vein associated with 
tin ore. 

The f<)llowiiig analyses give the composition of three specimens of 
English magnetic iron ore : — 


An’altsks of Magnetic Iron Ores — British. 
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1 . From Partmoor, Pevonshire; analysed by Kiley. On operating 
on 900 grains of the mineral a solution was obtained in which minnte 
traces of bismuth, tin, and copper were detected.* 2 and 3, from Coni- 

wall ; by Dr. Noad. 

1 Percy’s ‘ Metallurgy ; Iron and Steel,’ p. 224. 
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Many crystalline rocks contain magnetite and titaniforous iron ore 
interspersed in small grains and crystals. Such rocks when disintegrated 
give rise to the black ita7ids which are abundaiitly found in alluvial gold- 
diggings and elsewhew. Along the sea-shore of countries in which 
crystalline and eruptive rocks abound, streaks of black sand, washed out 
by the action of the waves, are frequently found in sufficient quantity to 
admit of their being employed as an ore of irom Among these localities 
may be mentioned the shores of the Bay of Naples, Taranaki, in New 
Zealand, and many points of the north-east ^oast of British America ; 
the most inu)ortant de^wsits are situated along the north shore of the St. 
l^awrence, east of the Moisie Kiver. At Moisie, wliere these sands form 
a large portion of the beach, after the prevalence of certain winds, Ixdts 
of nearly puit 3 black sands, which have been concentrated by the action 
of the waves, are found along the shore. The purer and thicker layers 
are separated by shovels from the more siliceous portions, and are after- 
wards further concentrated by washing, whereby the siliceous matter is 
reduced to an average of about 5^ per cent. 

When thus freed from the minerals with which they are associated 
these black sands consist of nearly equal portions of magnetite and titan i- 
ferous iron ; tliose treated at the Moisie Iron- Works have been examined 
by Sterry Hunt, who found tlie magnetic |)ortiou to yield 66*73 per cent, 
of metallic iron and 4*15 per cent, of tiuinic oxide. The non-magnetic 
portion yieI<leJ 48*85 |.>er cent, of iron and 28*95 p(*r cent, of titanic 
oxide. A mixture of the two, as found, gave 55 '23 per cent, of iron 
and 16 per cent, of titanic oxide. Similar iron sands occur at several 
point.s along the coast of Labrador, where they are a&sociated with quartz, 
garnets, and felspar. 

On account of their fine state of division, iron sands have not lK*eii 
successfully employed for the production of cast-iron, but at the Moisie 
works the}' w*ere directly converted into wr<jught-iron in a bloomery- 
furnace, wdth satisfactory ^e^ult8. 

Red Iron Ores. — These are fre<iuently associated with the hydrated 
peroxide, particularly near the surface of deposits ; wdicre hapmatite is 
found in the new’cr rocks, the whole mass is often more or less mixed 
w'ith brown iron ores. The moat imjxjrtant de|)Osits of tliesc ores arc 
found in Cambrian, Silurian, Devonian, and Carboniferous rocks. At 
Dalkarlsberg, near Nora, in Sweden, and in the island of Utii, s|»ecular 
haematite occurs wdth magnetite. In Saxony rcid iron ores are found near 
Eibenstock and Scliw*arzenberg, in lodes at the contact of mica-schist, 
altered Silurian rocks, and granite. Some of tliesc lodes arc as much as 
15 fathoms in width, and extend for a distance of nearly 12 miles. 

The iron mines of Elba, which are alike celebrated for the length of 
time they have been wrorked and for the beauty and purity of their ores, 
are, for the most part, situated near the eastern extremity of the island. 
At Rio Marina, 6|)ecular and massive lia*matites rest upon talcose schists, 
and are covered by crystalline limestone. At Rio Albauo and Terra 
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Ncra the ore occult in Icxles, traversing tolcose schists, which send off 
branches alternately coalescing into Ijeds, some of which are 100 feet in 
thickness. A similar ramifying lode, wliich produces both hmmatite and 
magnetite, is seen in a limestone cliff at Capo Calannta. These ores are 
now considered to be thermal-spring deposits, and the quantity remain- 
ing is estimated at about 7,000,000 tons. 

Near Marquette, on the southern shore of Lake Superior, a schistose 
variety of haematite is very extensively developed in Huronian rocks. 
Tlie average breadth of this iron district is six miles, and it extends 
westwards from the lake shore for about twenty miles. The strata, 
wliich are much contorted, are chiefly talcose and chloritic schists, passing 
upwards into parallel laminae of red jasper and haematite, whose united 
thickness is said to be upwards of 1,000 feet Of this, a large propor- 
tion is too highly siliceous to pay for working ; hut distinct beds of 150 
feet in thickness are quarried at the Jackson and Superior Mines. These 
deposits are, in addition to their purity and great extent, remarkable 
for containing minute crystals of martite. Tlie same ores are found to 
extend into Wisconsin, the Menominee region on Lake Michigan being 
now nearly equal in imjx)rtance to Marquette. 

Two celebrated masses of haematite, known as the Iron Mountain 
and Pilot Knob, are worked near St Louis, in Missouri. The Iron 
^fountain is a flattened dome-sliaped elevation about 200 feet in height, 
and forms the western extremity of a ridge of reddish porphyry, which 
rises considerably above the iron ore, and stretches for more than a mile 
to the eastward. The surface of the mountain is entirely covered with 
loose pieces of ore, which become more and more conspicuous towards 
the summit Moss-grown blocks, some of whicli are many tons in weight, 
cover the top, and are piled togetlier in the greatest confusion. Pilot 
Knob is much higher than the Iron Mountain, its height above its base 
being estimated at 650 feet; it is mainly composed of a distinctly bedded 
siliceous rock. For the first two-thirds of the distance to the summit 
quartz rock predominates ; the upper portion of the mountain consists of 
thick beds of iron ore alternating with siliceous rocks. The richest ores 
exhibit a distinctly slaty structure, differing entirely, in this respect, 
from those of the Iron Mountain, which are compact and without 
cleavaga There are numerous other localities in the vicinity, which, 
although not so generally known, yield ores of a quality at least equal to 
those obtained from Pilot Knob. The ore of Shepard's Mountain is 
magnetic and of high quality ; the Russel-Bank ore is a fine-grained 
hcematite, very pure, and making excellent iron. 

Probably the largest masses of specular ore in the older rocks are 
those of Brazil, which, according to recent accounts, are developed on a 
scale unparalleled elsewhere, but at present tliey are almost unutilized. 
They are interesting as containing in places gold and auriferous pyrites 
in quantity. 

The most important deposits of lisematite in Lngland are those of 
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Ulverstone in Lancashire and Whitehaven in Cumberland, which occur 
in the form of irregular masses in Carboniferous Limestone. The ore is 
usually in dull, compact masses, but also forms kidney-shaped crystalline 
aggregates. In addition to the compact variety there is a greasy mica- 
ceous ore, which is largely employed for lining the hearths of puddling- 
furnaces. Brown liaematite appears to be entirely absent in both districts, 
and iron pyrites and calcium phosphate are only present in the most 
minute proportions. 

Analyses of Red I bon Ores. 
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1 and 2. From Cleator Moor, Whitehaven, Cumberland ; by A. Dick. 
1 is a compact red haematite containing cavities lined with crystals of 
specular iron and quartz. When large quantities were operated on, minute 
traces of lead were obtained, 2. A compact and pulverulent unctuous red 
haematite, in which traces of lead were detected. 3. Giilbrow, Ulverstone, 
Lancashire ; by A. Dick. This ore is an unctuous red huimatite, inter- 
mixed with pieces of limestone, which, being coloured md, cannot be 
seen until the specimen is washed. 4. Lindale Moor, Ulverstone ; by J. 
Spiller. A hard compact hsematite, affording distinct traces of arsenic 
when large quantities are operated on. 

Older Brown Iron Ores. — Irregular masses of brown haematite are 
met with in the Carboniferous Limestones and Lower Coal-measure sand- 
stones in the Forest of Dean, in the neighbourhood of Bristol, and at 
Llantrissant in Glamorganshire. In the Forest of Dean the ore is a 
stalactiform brown haematite. The brown haematite of Ashton Court, 
near Bristol, frequently contains fragments of sulphate of barium por- 
phyritically embedded. At Llantrissant the ore is interstratified between 
the upper part of the Carboniferous Limestone and a black shale roof, 
supposed to be a portion of the Coal-measures. 
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1. 

2. 

8. 

4. 





90*05 

8976 

69*05 

62*83 

MnO . 




0-08 

0*04 

0-09* 

0*81 

AhO, . . 




trace 

0*63 

trace 


CaO . 




0*06 

0*49 

0*25 

14*61 

MgO . 




0-20 

0-40 

0*28 

6*70 

CO 2 . 







18*14 

PjO. . . . 




6*09 

6-13 

6*14 

0*32 

SOs . 




trace 

trace 


0*28 

FeSa . 






6*09 


SiOi, . 

Organic matter . 





... 

34*40 

1*30 

■a S hygroscopic 
^ ( combined 




9*22 

7’b5 

6’’24 





6*14 

4*75 

Insoluble residue 




1*07 

2*57 


0*04 




1 

UO-77 

1 101*07 

100 68 

98*78 

Metallic iron . 

• 

• 

• 

63*04 

62*86 

41*34 

j 36*98 


1. Black Brush Ore, Forest of Dean, Gloucestershire ; contains 
minute traces of copper ; by A. Dick. 2. Smith Ore^ Forest of Dean ; a 
coiupamtively pure brown liasmatite ; by A. Dick. 3. From Llantrissant, 
Glamorganshire ; by E. Riley. 4. From Froghall, near Cheadle, Stafford- 
shire ; compact, homogeneous, and brownish-red in colour ; by A. Dick. 

Enormous quantities of iron ore are now exported from Bilbao, in 
Spain, to England, and to such parts of Fiance, Belgium, and Germany as 
are accessible by water-carriage. These are derived from deposits of Upper 
Cretaceous age, included between sandstones and limestones at the three 
principal localities of Somorrostro, Galdames, and Ollargan. The ores 
are of three kinds, of which the average composition is as follows ; — 

Analyses of Bilbao Ores. 





1. 

2- 

3. 

SiOo .... 



5*550 

1*880 

8*50 

Fe .,03 


, 

80*800 

90*500 

77*85 

A 1 ... 01 , 





1*50 

MnO 


, 

1*132 

1*200 


CaO .... 



2*482 

0*634 

6*50 

HoO, and volatile 


• 

8*981 

6*800 

10*60 




98-945 

100*014 

.. j 

98*95 

Metallic iron . 

• 


67*75 

62*44 

64*50 


^ Estimated as MnO^. 
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1, Campanil, a moderately hard red ore associated with calcite, appar- 
ently an altered spathic ore. It passes downwards into — 2. Fe?^a (hdce, 
which is richer and softer ; this is apparently turgite, thoiiglj called red 
hasmatite. 3. Rubio, a concretionary limonite formed along the outcrop 
of a bed of sandstone containing nodules of siderite. 

Newer Brown Iron Ores. — In the secondary formations, and more 
particularly in the Liassic and Oolitic series, stratified iron ores are largely 
developed both in England and in the western part of Continental Europe, 
and at the present time these formations collectively supply the largest 
amount of the ores smelted in Europe. Prominent among these arc the 
Cleveland ores, in the marlstone or IMiddleLias, wdiich are more particularly 
considered at p. 151, and those of the Inferior Oolite, dogger, or Brown 
Jura formations, of which the chief representatives are the Northampton- 
shire ores in this country, and those of Luxembourg and Lorraine in 
Continental Europe. The Northampton ore, which is l)est develo[>ed 
about AYellingborough and Kettering, has the structure of a fossiliferous 
oolitic limestone, which is completely transformed into limonite at the 
surface, but wlien followed in depth is sometimes green, and contains fer- 
rous carbonate and silicate. Such tin weathered portions also contain notably 
more phosphorus than the surface ore. Througli the same formations 
extends an ore largely worked in the counties of Rutland and Leicester, 
partly for smelting on the spot, but more particularly for export to 
Staffordshire, Yorkshire, and other older iron-making districts. In North 
Lincolnshire oolitic ores are extensively developed. Those dug at 
Frodinghara, near Brigg, are more calcareous than those of Northampton- 
shire. The bro^\^l iron ores of Wiltshire are found in newer formations, 
namely, in the Coral Rag at Westbury, and in the Lower Greensand at 
Seend, near Devizes. The former locality is alone worked at present. 


Analyses of Brown Iron Ores from the Oolite, &c. 







2 . 

3. 

4. 

FeoOs . 




CO 

b 

uO 

55*4*2 

53-43 

46-59 

, FeO . 




j trace 




' MnO . 




0-51 

6-44 

i-60' 

i-75 

A1.,03 . 




7 25 

5-32 

4-19 

4*94 

CaO . 




11*76 

4*25 

0*84 

12-95 

MgO . . . 




0*62 


0*72 

2*84 

SiOg . 




0*22 


24*81 

13*59 

COa . . . 




7*98 

5-69 

trace 

4*06 

P 2 O 5 . . . 




1-28 

2-87 

0 87 

1*05 

SO 3 . . . 





... 


... 

FeSa . 




6*17 

... 

trace 

... 





li’ool' 

12*21 

13-61 

12-17 

Insoluble residue 




933 

12*56 

... 






100-43 

98*76 

100*07 

99*94 

Metallic iron 

• 

• 

• 

35*37 

8879 

37-44 

32*61 


^ Eitimated at Mn02. 
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1. From Wellingborough, Northamptonshire, in the Inferior Oolite ; 
by E. Riley. 2. Green un weathered Northamptonshire ore ; by L. Brown. 
3. From Seend, Wiltshire, Lower Greensand ; by E. Riley. 4. Frodding- 
ham, Lincolnshire, average of all the beds. 

Red and brown haematites occur in the Liassic and Oolitic rocks 
of France under nearly similar conditions to those observed in this 
country. The most important deposits are those near La Voulte, in 
Ardfeche, where large quantities of a compact earthy red haematite are 
interstratified in marls belonging either to the Lias or to the Oxford 
Clay. 

In Wtirtemberg and Bavaria the lower members of the Oolitic group, 
on the north-west side of the Swabian Alps, contain ores of a similar 
character ; their maximum development is in the neighbourhood of 
Aalen and Wasseralfingen, where the thickness of the beds exceeds 18 
feet. 

The oolitic ores of Luxembourg and Lorraine occur under very 
similar conditions to those of Northamptonshire, the most important 
centres of production being at Esch in Luxembourg, Longwy in France, 
and in the neighbourhood of Metz. The ore, which is generally known by 
the local name of minette^ is partly calcareous and partly sandy, and con- 
tains from 30 to 35 per cent, of iron, with about 1 per cent, of phosphoric 
anhydride. It is largely exported to Belgium and Germany, in addi- 
tion to supplying numerous local furnaces. 

In addition to the stratified deposits before noticed, irregular masses 
of loose concretionary brown haematite, called Bolinerz^ are found filling 
cavities and long winding fissures in the Oolites of South Germany. 
These pisolitic concretions vary from the size of a pea to that of a 
walnut ; the larger being generally less perfectly spherical in form than 
those of smaller size. The cementing material is usually a ferruginous 
clay, which may bo removed by washing, leaving an ore containing, on 
an average, about 35 per cent, of iron. 

The Wealden rocks in the vicinity of Boulogne yield sandy brown 
ores occurring in superficial deposits; these chiefly supply the iron- 
furnaces at Marquise. 

A large deposit of nodular brown iron ores, containing manganese and 
intimately mixed with phosphates, which are derived from the waste of 
older Oolitic and Neocomian strata, occurs in the Upper Cretaceous series 
near Usede, in Hanover, and is largely smelted to produce pig-iron rich 
in phosphorus for the Thomas and Gilchrist process. 

Tertiary and Post-Tertiary Iron Ores. — In England the ores 
of this class are of very little importance, but in many parts of Europe 
they are abundantly developed and extensively wrought. Large quan- 
tities occur in the great plain of North Germany, which extends from 
the borders of Holland to the head of the Baltic ; they are also found 
abundantly in France, where they are worked to a considerable extent. 
The deposits of Berry, especially those in the valley of the Cher, are 



146 ELEMENTS OF METALLUKGY. 

in the Tertiary series, and consist of pisolitio ores disseminated in beds 
in the argillaceous rocks of the district Tertiary and alluvial ores are 
also extensively employed in the Ardennes and in the department of 
the Marne. Oolitic and pisolitic ores are obtained from the alluviums 
of tlie Nivemais, and hydrated oxides and hsematites are found in 
the superficial clays of Charente, Dordogne, Lot-ct-Garonne, Lot, and 
Tam-et-Garonne. These are of very considerable importance, and are 
suflBciently pure to admit of being worked in the Catalan forge. The 
workings are, for the most part, open to the day, and frequently descend 
to a depth of sixty or seventy feet. The sandy deposits of the I^ndes 
also contain beds of hydrated oxides and of bog ores. Lurut estimates 
that one-third of the iron annually produced in Fiance is lierivcd from 
alluvial ores. 

In Sweden, Norway, and Finland, largo quautitit's of a variety of 
limonite known as lalce ore are obtained by dredging from tlu* bottom of 
shallow lakes. This ore occurs in granular concretionary forms, varying 
in size from linseed to masses of several cubic indues. The.se ores are 
collected during the winter months oul}*, f(»r which j)urjK)su a liole of 
some three or four feet in diameter is made in the ice, through which is 
lowered a perforated iron .shovel attmdied to a wcH-don handlcj. Ores 
of this iJoscription aiv continually forming, and localities known to 
have been entindy exhau^tetl a quarter of a century previously have, on 
beim; re-worked at the expiration of that ]>ericHl, been found t(» alTord 
workable deposits of ^seveml inches in ibickn(‘^s. The formation of 
these ores is said to be mainly due to organic agency ; the iron Ixdng 
chiefly derived from the oxidation of pyrites and from the decom- 
position of such minerals as liomblende, augite, &c., containing ferrous 
silicates. 


Analyses or Bog and Lake Ores. 





1. 

3. 

3. 

4. 

Fe,03 . 



62 '59 

70-46 

66-33 

67 59 

FeO 



.. . 


3-60 


MnOs . 



S-M 1 


0*75 

' 1 -45 

SiOo 



i 

13 04 

2 '80 

, 7-81 

A1.0, . 



... 1 

6'b8 


4*18 

CaO 






0*47 

MgO . . 




, . 

! 0*12 

0*23 

' PjO, . 



i-50 

... 


0*18 

’ Sand 



1 1 '37 , 


1 


Water and organic matter 

16 02 

]ii2 

1 26’40 

17*81 




1 100 '00 

100-50 ‘ 

' 100-00 

: i 

99*72 

Metallic iron 

• 

• 

1 43-82 1 

49*32 

49-24 

47-32 
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1. Bog ore from the neighbourhood of Lingen, Hanover ; by Senft. 
2. Pisolitic ore from the district of Kandem ; by Schenck. 3. Bog ore 
from State of New York; by Karsten. 4. Lake ore from Flaten, Werm- 
land, Sweden ; by Svanberg. 

Spathic Iron Orb. — Sidbritb. — This ore does not so frequently occur 
in large masses as do the various forms of ferric oxide, but it is nevertheless 
found in very considerable quantities in various European localities. 
Large quantities of spathoso ores are annually raised from the Devonian 
rocks in the district of Siegen ; the most important mine is that of Stahl- 
berg, near Miisen, where a nearly vertical lode has been worked since 
tlie commencement of the fourteenth century. Its form is somewhat 
that of a wedge ; its greatest width being 65 feet, and its longitudinal 
extension 480 feet ; it is enclosed in clay-slate, and has been worked to a 
depth of 130 fathoms by means of a series of levels driven into the hill. 
Spathic ores also abound in the crystalline metamorphic rocks and talcose- 
schists of the Eastern Alps, as well as in limestones of Silurian or Devo- 
nian age. 

In Styria, the celebrated Erzherg, or Ore Mountain, rises to the height 
of nearly 2,500 feet, and, although apparently consisting of a solid mass 
of siderito, it is, in reality, only capped by an arch of that mineral, to 
a depth varying from 200 to 600 feet, including a few interstratified 
schistose j)artings. The best ore, which occurs in the lower beds, is hard 
and crystalline, and of a brownish-yellow colour. Iron and copper 
pyrites, quartz, carbonate of calcium, and, more rarely, cinnabar, are 
among the associated minerals. The yield in 1882 was about 512,000 
tons, and at least 50,000,000 tons are said to have been laid open by the 
workings. 

The less considerable, but otherwise similar, deposits of Carinthia 
nre situated at Hiittenberg and Lolling, north-east of Klagenfurt, and 
include numerous lenticular beds, the most productive of which is about 
200 feet in thickness. 

In Thuringia a large irregular mass of spathic iron, in Permian 
rocks, has been worked for the last 700 years; the principal sources 
are those of Mommel and Stahlberg, near Schmalkalden, where the 
ores are much disturbed by intruded porphyritic dykes. This deposit 
lias been followed to a depth of 300 feet, and its known length is about 
a mile. 

In England there are deposits of carbonate of iron in Weardale, in 
Durham, where it occurs in veins in the Carboniferous Limestone, asso- 
ciated with ores of lead and zinc. Siderite is also found at Perran in 
Cornwall, Exmoor in Devon, and at Brendon Hill, Somerset. For 
some years these ores were worked to a considerable extent and ex- 
ported to South Wales for the production of spiegeleisen. The outcrop 
of veins of this mineral is invariably found to be converted, to a con- 
siderable depth, into brown haematite by the action of atmospheric air 
and water. 
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Analyses of Spathic Iron Ores. 


I 






1. 

2. 

3. 

4. 

1 FeO . 




49*77 

1 43-84 

1 47*16 

55*64 

FeaOj . 




0*81 

j 0-81 

1 


MnO . 




1*93 

1 12-64 

10*61 

2*80 

CaO . . . 




3-96 

j 0-28 

0*50 

0*92 

MgO , . 




2*83 

! 3*63 

3-23 

1*77 

COj . . , 




37-20 

1 38-86 

38*50 

38-35 

. . . 




trace 




S . . . 




0*04 


1 


HjO . . . 




0*30 

6 -is 



Insoluble residue . 




3*12 

0-08 



t 




99-96 

100 32 

100-00 

99-48 

Metallic iron 




38-95 

34-67 

36-75 

43-27 1 


1. Weardale, Durham ; containing minute traces of c()})])er; Tookey. 
2, Brendon Hill, Somersetshire ; Spiller. 3. Stahlberg, Miiseii ; Sclmabel. 
4. Erzberg, Styria ; Karsten. 

Clay Ironstones. — These ores, which are characteristic of the Car- 
boniferous series, although found to a smaller extent in the "W^'alden 
and other formations, occur in thin beds, or more generally in nodules, in 
the shales of the Coal-measures. 

The nodules essentially consist of ferrous carbonate, but always con- 
tain a notable quantity of clay or sand, with variable proportions of the 
carbonates of calcium, magnesium, and manganese. When freshly broken, 
the fracture lias a light-grey, yellow, or bluish tint, but eventually be- 
comes brown on exposure, through superficial peroxidation of ferrous 
oxide. The nodules are frequently so numerous as to coalesce into beds, 
and sometimes contain fossils, such as fish and remains of plants. They 
are often fissured in such a way as to suggest the idea of its being the 
result of contraction by drying ; and the fissures, having been subse- 
quently filled with mineral matter, have the appearance of veins, which 
often contain quartz, iron and copper pyrites, galena, blende, and calcite. 
At Dowlais, near Merthyr Tydvil, in Glamorganshire, the clay ironstone, 
in addition to the minerals above enumerated, contains hattchetine, or 
mineral tallow, while beautiful thread-like crystals of millerite, or sulphide 
of nickel, occur in the partially filled cavities. Clay ironstone is abun- 
dant in the coal-fields of North and South Wales, Staffordshire, Shrop- 
shire, Yorkshire, Derbyshire, and Scotland ; while those of Northumber- 
land, Durham, and Lancashire are almost entirely without it. This ore 
is frequently worked in conjunction with the coal with which it is asso- 
ciated, and is extracted through the same pits. 
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The yield of clay ironstone per acre necessarily varies in accordance 
with the thickness of the bed and the regularity with which the nodules 
are disseminated. Thus the Parkgate Old Black Mine, which has a 
thickness of 11 inches, yields 1,500 tons per acre; while the Clay 
"Wood Mine, of exactly one-half the thickness, produces in an equiva- 
lent area the same amount of ore. In the South Wales coal-field 
there are, at least, seven distinct districts containing seams of iron- 
stone ; tlie number of beds in each varies from six to twenty-two, and 
many of these individual deposits are themselves subdivided into several 
distinct courses. They sometimes consist of a single layer of spheroidal 
concretions or balls, of all sizes up to a ton or more in weight, but the 
beds are not usually very thick, and this is the greatest drawback to 
their value. 


Analyses of Clay Ironstones. 


I 





1. 

2- 

i 

4. 

FeO .... 



3.5-38 

39 38 

1 45-35 

52-04 

FeyOa .... 



1*20 

1-24 



MnO . 



0*94 

0-95 

0-56 

0-92 

AlaOj .... 



0 80 

0-82 

0-61 

1-30 

CaO . . . . 



2*78 

2-26 

2-60 

0-53 

MgO .... 



2-22 

3-72 

1-22 

0-85 

SiOa .... 





0-67 


COi .... 



25-41 

29-38 

30-21 

32-k 

p,05 .... 



0-48 

0-47 

0-46 

0-21 

SOs .... 



trace 


trace 

trace 

FeSj .... 



0-18 1 

trace 

0-20 

1 0-13 

TT n i hygroscopic 
\ combined . 



0-74 i 

0-68 1 

1-64 

1 

0-46 



1-11 1 

1-41 \ 

Organic matter . 



0-23 

0 54 ) 

1-59 

0-51 

Insoluble residue . 



28-00 1 

1 19-35 

15-87 

11-14 




99-47 1 

t 100-20 

100-98 

100-40 

Metallic iron 



28*76 , 

31-82 j 

35 74 

40-84 


1. Whito Bed Mine, Brierley, Yorkshire ; Rpiller. 2. Thomcliffe, 
White Mine, Parkgate, Yorkshire ; Spiller. 3. Pins, Dudley, Stafibrd- 
shire ; Dick. 4. Guhhin and Balls, Bunker's Hill Colliery, Staffordshire ; 
Dick. 

Blackband Ironstone. — This ore was discovered in Lanarkshire by 
Mushet in the year 1801, but did not come into extensive use until about 
1830. It is a clay ironstone, usually of a dark-brown or black colour, 
containing carbonaceous matter. The blackband iron ores of Scotland 
contain from 20 to 25 per cent, of coaly matter, and from 30 to 40 per 
cent, of iron. In the western coal-field of Scotland several principal 
blackband measures, having an aggregate thickness of 6 ft. 5 in., are 
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known ; all these have been wore or less extensively worked, but ttie 
supply has now considerably fallen off. The thickness of deiKMsits of 
blackb^nd is subject to great variation, and a l>and seldom extends 
over very large areas without some change taking plac4» in its composition. 
At Airdrio the blackband occurs in workable quantity over an area of 
only about ten square miles; whilst its equivalent, in the form of a thin 
seam of coal, is found over a district of mort» than live times that extont 
In Linlitligowshire the stratum, elsewhere aflbrding black luind ironstone, 
is represented by the celebrated Boghead cannel coal. 

The yield of blackband ironstone is at the rate of 2,000 tons of calcined 
ore per acre for each foot in thicknes< of the liejMsit. Ik^Ls varying from 
4 to 9 feet in thickness occur in North Staftbld^hlre, ami, after calcina- 
tion, the ore is largely ex|>orted to tiie in•Ii-^^ ork^ of South SUiffonlshire. 

In South Wales )>Ja(‘k}und found in niinn ri^us of irn^gular 
thlckncdi! nntl of jjniited extent. ore na- timt di'(oVi*red in West- 

phiilia, in iWd; hut tlw quantity doe^ not ap/nar t*» be largt*, ami in 
but a few instances onh «io blai‘kband and coal ocaii together. Blaek 
bami likewiM* t>ocur^ in Lower Sile>ia, ami thin la\»is oi thin nuiierai 
have Kh'U di^'cvered at oht‘ <•! two hKahtie*' in liie IkinaL 

Carbonaceous spathic on*.", Km ally km>w'n a* f'oa! oeeasi<iimlly 

accomjKiuy coal in South Wale-*, and ditler from ordiiiar}’ blacklwnd in 
containing couaidcrable quaiititie.> oi the carbouatt*.'' of caleium ami mag- 
nesium. 


of BlACKICVND InoN->TONhS. 
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1 

1 1. 

2. 

3. 
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FeO 

53-82 

. 40 77 

1 37 07 

42 64 

1 }V,0, .... 

1 MnO 

0-23 

2 72 

j 0*23 

0-26 

CaO . . ... 

i 51 

, 0-90 

6-61 

5-24 

MgO 


0-72 

' 7*40 

5-26 

SlOa , . ... 

20t) 

clay 10 10 

2-70 


1 CO, . . . . . 

34 30 

26-11 

361 -t 

36-89 

v/h ... . . 



0-23 

0-17 

FeSa I 

H,0 i . . . I 

^ i combined . . . ! 



• trace 

0-22 

• • 1 1 


i 00 


1 

Carbonaceous matter . . . j 

7*70 

17*38 

1 9*80 

8*87 

i 

\ 

99-93 

1 louoo 

[ 

o 

o 

oo 

99-55 

1 

Metallic iron .... 

41-60 1 

i 33*57 

28*83 

3312 


1 Thi« term ii generally applied in English collieries to nodules of iron pyrites found 
in the coals. 
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1 and 2. Scotch blackband; Colquhoun. 3 and 4. ^^Coal brasses,” 
Aberdare, South Wales ; Price and Nicholson. 

Cleveland Ironstone. — The Middle Lias, or marlstone rock, which, 
in the neighbourhood of Chipping Norton and Woodstock in Oxford- 
shire, yields an oolitic brown haematite, affords iron ore in much larger 
quantities in the North Eiding of Yorkshire. This stone, where best 
developed in the Cleveland district, has a total thickness of about 20 
feet, made up of various interstratified bands of ore and shale ; of these 
the two principal members are distinguished as the Pecten and Avicula 
seams, from the respective prevalence in them of fossil shells belonging 
to these genera. The average workable thickness of the ore is from 12 to 
17 feet ; tlie usual produce per acre being estimated at about 20,000 tons. 
Tliis ore, which is an inferior carbonate? of iron, is usually of a dull 
bluish-yellow colour, caused by the presence of ferrous silicate ; its 
structure is oolitic’ with numerous enclosed fossils, and it sometimes 
contains interspersed crystals of (juartz and anatase. A dark blue or 
n(*arly black variety, found at Rosedale Abbey, is, although oolitic in its 
structure, both magnetic and polar. 


ANAr.YrtEs OF Cleveland Ibon Obes, 
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39*92 

34-98 

33*17 

33-85 
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3-60 

... 


32-67 

MnO .... 


•95 

0-48 

6-50 

0*69 

Al.O., . 


7*86 

8-20 

3-92 

3*15 

CaD .... 
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11-96 

11-90 

2-86 

MgO .... 


3-82 

4-51 

4-52 

1*59 

K,0 .... 


0**27 




SiOa .... 


7*12 


... 

6-95 

CO, . 


2*2-85 1 

29-20 

28-00 

10-36 

l\Os .... 


1*86 

1*30 

0*48 

1-41 

so, .... 


traco 




KoS, .... 


Oil 



o’-bsi 

Tf n 5 hygroscopic 
" \ combined , 


! 2-97 1 

3-30 

3-65 

3-76 

Organic matter . 


trace 


13-22 

0-84 

Insoluble residue . 


1-64 

10*04 

1 



100*41 

98*97 

99 36 { 

98-16 

Metallic iron 

• 

33*62 

27-21 1 

25-80 j 

49*17 


1. Cleveland ore, locality not stated; Dick. 2. Pecten Bed^ Gros- 
luont, Yorksliire; Tookey. 3. Avicula Bed^ Grosmont, lorkshire; 
Tookoy. 4, Magnetic ore, Eosedalo Abbey ; Pattinson. 

^ Sulphur. 
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Manganiferous Iron OREa — Since the introduction of the Bessemer 
and Siemens processes for steel-making, the production of manganese 
and of manganiferous pig-iron, which was formerly restricted to localities 
producing spathic ores, has become general in most of the larger iron- 
making districts in England, Belgium, France, and Germany, the necessary 
ores being often brought from considerable distances. These are chiefly 
linionites, more or less intimately mixed with peroxide of manganese 
(MnO“) as pyroliisite, or in the less pure form of psilomelane, wad, <fcc. , 
which contain in addition sulphate of barium, alkalies, <fcc. These occur 
in limestone districts producing lead ores, and probably represent the 
superficial alteration of manganiferous spathic ores. The more iinj)ortant 
localities are Almeria and Forman, near Cartagena, whence there is a 
large export, Laurium in Greece, SoutliAYestern Portugal, Kassau, and 
Camiola. The composition varies very considerably, the points of chief 
importance being a large amount of manganese as compared with iron, 
25 to 35 per cent, of each, and a low proi)ortion of silica, phosphorus, 
and sulphur ; lime is not objectionable. Speaking generally, tlie 
qualities that render a manganese ore unfitted for the chemical manu- 
facturer make it of value for spiegel-making. Ihire pyrolu'^ite, though 
it may be used, is, apart fnmi its high price, not advantageous as a source 
of manganese, as it gives ofi‘ oxygen at a low heat, and thus wastes fuel 
in the upper part of the furnace. 

Aluminous Iron Ores. — In some few cases limonites have been 
found which contain alumina uncombined with silica, and niay tlierefore 
be used in the smelting of siliceous haematites when it is d(*sired to (‘mploy 
alumina as a fluxing material. In this respect they stand midway between 
ores proper and fluxes. The most important localities niv Les Beaux, 
near Toulouse, whence the mineralogieal name Bauxite has heon derived : 
Wochein in Camiola, and the neiglihourhood of Larne in Antrim. In 
the latter district it occurs with pisoiitic ores below the Antrim basalt 
in the beds of old lakes, and is largely exp(jrii*d as Belfast aluminous 
ore*!. The purer varieties are also used as a source of aluminium. 

Analyreb. 

SiO,. AljO,. FcjO,. FcO. Caf). MffO. IJ-O. 

Belfast ore ; Tookey 9*87 34*57 27*93 5 08 0*91 0*62 3*51 19**36 

Bauxite; Bell . . 2*80 57*40 25*50 ... 0*62 ... 3 10 11*00 

The following is the return of the amount of iron ore raised and 
consumed in the United Kingdom for the year 1885 — 


* ‘Miniug an<l Mineral StatisticB of the United Kingdom of Grent Britain and Ireland 

for the year 1885.’ 
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Total Quantities of Ikon Ore and Ironstone Produced in and Imported into 
THE United Kingdom in 1885. 


District. 

DesciipUon of Ore. * j 

Tons. 

England. 

1 


Devonshire . 

Brown HsBinatite and Magnetite . j 

1,928 

Siimersetshire 

j Spathose ore, Argillaceous ore, and } 

( Haematite \ 

2,099 

Gloucestershire 

Oolitic ore 

45,12.5 

Wiltshire 

1 

67,489 

Rutlandshire and Ox- ) 
fordshire . . , ) 

tr ...... 

25,376 

Northamptonshire 

» ...... 

1,160,000 

j Leicestershire 

,, ...... 

310,529 

Lincolnshire . 


1,188,524 

’ Shropshire . 

Argillaceous Carbonate 

177,620 

Warwickshire 


10,981 

1 Staffordshire, North 

( Annllaceous Carbonate and Hydrated ) 

"1 Oxide ) 

1,743,300 

j Staffordshire, South, and 
, Worcestershire . 

{Argillaceous Carbonate 

117,726 

1 Derbyshire . 

1 ' 

♦» »»•••• 

18,405 

1 

Lancashire . 

{ Red Haematite and Argillaceous Car-> 
j bonate . . . . . •> 

1,209,971 

Cumberland . 

{ t» »♦•••* 

1,228,323 

Y,.rk.hir^ iXorthRidins 

1 < Argillaceous Carbonate, and Magne-^ 

\ tite > 

5,932,244 

' (West Riding 

Argillaceous Carbonate . 

126,596 

, Durham 

' Spathose ore 

39,777 

' North W’’ale8 

< \ Argillaceous Carbonate and Brown | 

1 Hiematite . . . . • S 

2,606 

South Walks and 

'Argillaceous C.irbonate, Blackband, } 

63,294 

JMoNMOUTHhHIRF. 

1 \ and Brown Hiematite • . . \ 

l.sLE OF Man 

, Spathose ore 


1 Scotland 

1 

\ Argillaceous Carbonate, Blackband, } 

1 and Red Haematite . . . ) 

1,838,423 

, Ireland 

\ Aluminous ore, Blackband, and ) 

107,646 

1 

1 Brown Hminatite . . . . ^ 

PURPLF. ORE FROM CUPRI > 


490,890 

FEROUB PYRITES . ) 

[ 

Iron ore imported 


2,822.598 

1 

Total 

18,731,470 


Assay of Iron Ores. 

In order to determine the comriiercial value of an ore of iron, it is 
necessary to ascertain not only its percentage yield of metal, but also the 
approximate proportion and constitution of the various impurities present, 
as well as their probable influence as affecting its fusibility. It is, more- 
over, requisite to dotcmiine the nature and respective amounts of other 
elements, such .as phosphorus, sulphur, &c., likely to affect the quality of 
the iron obtained by its metallurgical treatment. The two former que^ 
tions may be answered by the results of dry assay, which gives the maxi- 
mum amount of cast-iron that, under the most favourable conditions, can 
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be obtained fi'om the are in the blast-furnace ; but for the last, the 
methods and processes of chemical analysis are required. 

We shall first give a description of the nndhods of assaying iron ores 
by the dry way, and afterwards treat of the processes for the volumetric 
estimation of iron ; finally, the analysis of ironstones and the estimation 
of those constituents which are present in minute quantities only, will bo 
consideretl 

Dry Assay of Iron Ores. — This operation is conducted in a wind- 
furnace, such as is re 2 )resented in fig. i>8. This is a vertical section 


rdilJiLi} 



Fig, 2S.— -\i>8.iy-runiicc , vcitic.il htctinn. 


through the middle of the grate of one of tin* a^'-say-furnaces omployod 
in the mebdlurgical laboratory at the Roy.il School of !Minos. The 
“ melting-hole,” A, 8 inches square and 12 inches deep, is lined with 
refractory bricks. Leluw the gi'ate, is the ash-jht, I>, closed in front by 
the door, r, which has a revolving register-plate for regulating the air- 
supply. The draught is maintained by a stack 60 feet high, connected 
with the furnace by the flue, D. The same otack ber\e.'5 live similar fur- 
naces. 

The furnace is closed by two fire-tiles, f, /, clamped wdth iron, 
and wedged at one end. These are of unequal size ; the larger one only is 
removed when a crucible is to be taken out of the furnace. A more 
usual covering arrangement is to have a square tile or “ quarry set in an 
iron frame, with a projecting handle. Besides the iish-jiit door register, 
the draught may be regulated by a damper at the top of the stack, by a 
slide-valve, or by a loosely fitting piece of brick in the passage connected 
with the flue, 

* The brickwork, which is in all parts subject to liigh temperature, is 
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made of fire-brick set in fire-clay, is faced with cast-iron plates and bound 
together by wrought-iron tie-rods. The fuel used may be either clean 
coke or anthracite. Charcoal is also convenient, but is now rarely at- 
tainable. 

Tongs . — In conducting a dry assay an assortment of iron tongs 
of different shapes are required, some of which are represented in figs. 
29-32. A short bent pair with scissor handles (fig. 29) is 
useful in filling in lumps of fuel when the fire has burnt 
liollow, and for handling crucibles after they have been 
taken out of the furnace. For removing these, tongs with 
straight handles, such as figs. 30, 31, are preferable, as 
giving a firmer grip. Fig. 30 has curved jaws for clasp- 
ing round a crucible when it is covered and cannot be 
gripped at the top. All these, being rather short in the 
handles, arc inconvenient for manipulating highly heated 
objects, and can only be u&ed in the removal of crucibles 
when they have cooled down in the furnace, which may re- 
quire about half an hour after the fusion is complete. This 
loss of time may often be prevented by having a longer handled pair of 




Fig. 30. 


Fig. 31. 


Fig. 32. 


is suffi- 


tongs, such as fig. 32, which can be used as soon as the crucible 
ciently hardened to bear handling. To protect the 
face from the glare, and to better distinguish the 
position of the crucible in the heated furnace, a 
wooden shield, fig. 33, with a peep-hole, a, glazed 
with blue or green glass, and handle, If, may be used. 

This is held by an assistant before the face of the 
operator who is engaged in searching for the crucible. 

Sampling . — In all assaying operations the pre- 
paration of a sample which shall fairly represent 
the bulk of the ore under investigation is of first importance, and in 



Fig. 33. 
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order to do this a systematic plan must be followed. Supposing a quan- 
tity of about 14 lbs. weight, in lumps of the size delivered to the smelter, 
to be available, the whole quantity must be broken down to about \ or 
J inch fragments. This can readily be done upon an iron or steel plate 
with a hat-faced hammer, the lumps being placed in an iron ring some- 
what larger than the hammer face to prevent the fragments flying apart. 
The broken stuff and dust are then carefully mixed into a circular heap, 
from which a portion is removed by cutting it completely through with 
a broad -bladed spatula in two directions at right angles to each other; 
this is known as the metho^l of quartering. This portion, from ^ to 1 lb. 
in weight, is then further reduced, either by cru^^hing or by pulverizing 
in a cast-iron mortar, until it passes tlirough a sieve of 8 to 10 holes to 
the linear inch, and from this a final sample of /500 to 1,000 grains or 
more is taken. This should be reduced sufficiently to pass through a gauge 
of 60 to 80 holes to the linear inch. In powdering hanl and quartzose 
ores in cast-iron niorUrs, a beating or percussive action of the pestle is 
necessary, and all triturating or grinding should be avoided, as by that 
means particles of metal are worn off and tend to increase the apj)«irent 
amount of iron present. Limonite and other soft ores may be conve- 
niently j)ulverized in AVedgwood-waro mortars, but for finishing the final 
samjile an agate mortar is generally preferable. The finely powd(‘reil 
samph* should be preserved in a stoppered bottle to prevent loss or un- 
due increase of hygro«5COpic water. 

The object of the diy asi>a\ i^ to obtain the iron of tlie ore as a 
compact button of cast-iron, the ore being reduced by carbon, and the 
earthy conij)onents fused down by the agency of appropriate fliixe'?, wdiich 
will vary with the nature of the ore under examination. It is therefore 
necessary to have some prelirainarv knowledge of the com 2 >o»ition of 
the mineral, and where this cannot be obtained by insp(*ction or i(*pute, 
a complete or partial chemical analysis is required. A method of the 
latter kind devised by Ilerthier is sometimes u^ed. It includes the fol- 
lowing operations : — 

1. Detf^niiination of Volatile Matter , — About 50 grains of mineral 
are gradually heated up to bright redness over a Bunsen gas flame in a 
platinum or porcelain ^ crucible. The loss of w'eight gives the amount 
of water and carbon dioxide present, except w'here the ore contains ferrous 
compounds, w hen th(*re is a certain increase of weight from the absorp- 
tion of oxygen conscfpient on the formation of ferric oxide. 

2. Determination of Earthy Carbonates , — Another portion of 50 
grains is digested in the cold, either with acetic or very dilute nitric 
acid. Tliis removes calcium and magnesium carbonates, while ferrous 
carbonates, if present, are not attacked. The operation is continued until 

1 Preferably the latter. Platinum veisels must be very cautiously used in iron 
analysis, for if the ore contains organic matter the reducing gases evolved may cause 
partial reduction of ferric oxide, and produce a superficial black stain of alloyed iron on 
the platinum, which can scarcely be removed by any reagent. 
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effervescence ceases, wlien the residue is washed, dried, and weighed. 
The amount of carbonate is detemined from the loss. 

Determination of Insoluble Matter, — 50 grains of the ore are digested 
with strong hydrochloric acid, and boiled until the residue is colourless. 
This, when filtered off and washed, is calcined and weighed ; it consists 
of quartz and silicates not decomposable by acids, and for every purpose 
may be regarded as silica. 

The above method, though sometimes useful, is too inexact in its 
results to be of much value, having regard to the time required for carry- 
ing it out, and in most cases the nature of the fluxes required may ^ 
determined by inspection. Thus, the older magnetites and red ores are 
generally quartzose, and require lime and aluminous fluxes, while spathic 
and nodular carbonates, containing clay and lime, require a larger pro- 
portion of silica. 

Fluxes, — The following are the principal fluxes required : — Silica, in 
the form either of white glass-house sand or ground flints : any other form 
of silica may be employed if practically free from iron, and in a sufficiently 
fine state of division. Alumina ; this is best supplied in the form of china- 
clay, which, after ignition, contains 53 per cent of silica, and 43 per cent 
of alumina. Fire-clay, shale, or blast-furnace cinder may also be used, 
but they have the disadvantage of containing small quantities of iron. 
Lime; unslaked lime in a state of fine powder should be used, when 
obtainable, but chalk or any other limestone sufficiently free from iron 
may be emjdoyed as a substitute ; care must be taken that this flux is as 
free as possible from sulphates and phosphates. In some cases fluor-spar 
may be advantageously substituted for lime. This flux affords a liquid 
slag, but is rarely used on the large scale. Glass, free from lead, may be 
employed with argillaceous ores; such glass usually containing from 
60 to 70 per cent, of silica, the remainder being soda, potash, and lime. 
Borax is too fusible to admit of being generally employed as a flux for 
iron assays, since it combines with iron oxide at a temperature below that 
necessary for reduction. It is nevertheless sometimes used as a substitute 
for glass, but, when it is so employed, the proportion of lime should be 
increased to such an extent as to materially diminish the fusibility of the 
mixture. 

The nature and quantity of flux required in an iron assay will vary 
with the proportion and character of the earthy matters in the ore. The 
object sought is to obtain a sufficient amount of well-fused, clean slag to 
completely cover the reduced button of metal. It must also be sufficiently 
refractory to allow the iron to become fully carburized before fusion. 

According to Percy, grey blast-furnace cinder may be taken as a type 
of the kind of slag most desirable to obtain ; its approximate percentage 
composition is as follows : — 

SiOa. . . .38) 124 parts 

AlaOs . . . 16 > or about M „ 

CaO. . . .47) (3 „ 
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Tlio following mixtures produce, when fused, slugs approxiinuting to 


this composition : — 





Quartz . 

1 

■ 1 



China-clay 

2 

SiO, 0-9 2 ^ 

\ Al-Os 0 32 . 

. 1-92 ) 1 

. 0-82 } = •! 

, 30*5 i>er cent. 
15-5 

Lime 

2 i 

. 

. 2 -:.o 1 1 

! 48-0 

Gla ^8 

• 24 

S sia> . 

1 Bases =Al 203 

• 1-75) 1 

. 075 } = < 

i .'?5 0 

150 

Lime 

• 24 

. *2 50 ) 1 

[50 0 

Shale, or fire-clay 

. 3 

J SiO.> . 

1 A1,C)3 . . . 

. 1-sO) (35-0 

. 0-90t = .]7 0 

Lime 

• 24 

. 2 50 ) ( 48*0 


In some German iron- works the following proportions are emi>loyed : — 

I ^ P- *=• P- 

,, argillaceous brown orts . 20 to 40 ,, ,, ^,30 to 40 ,, 

,, bog ores . . . . ^>^ »» »» m a ,y 

,, spathose ores . . . 10 to 15 china cl.iN 20 to 25 ,, ,, 

,, tap- and mill-cinder . . 20 to 25 ,, chalk ,,20 to 25 ,, ,, 

"When tht‘ composition of the ore niikiiown, the jiropor flux may 
he determined empirically by trial and err(»r, three or four samph*^ hein^^ 
heated in the furnace together with «?ome tif the mixturcH in the following 
table : — 




1 2- 

3. I 

1 4. 

5. 

SiOa . 

50 

.50 1 

1 

1 30 1 

; 45 

15 

AloO,. 

2.5 

16 

-0 

IS j 

.5 

CaO . 

. 25 

34 

50 ' 

: *57 

80 


The weight of flux used in each case must he one-half that of the ore 
operated on, and the most advantageous mixture will be that yiedding the 
highest produce. 

Preparation of the Anmy . — The fusion may be eirccted cither in a 
plain or in a carbon-lined or hrasqned crucible. In the former case, from 
100 to 150 grains of the ore sample are intimately mixed with the re- 
quired amount of fluxes and about 25 per cent, of powdered charcoal, 
and placed in a black-lead or clay crucible, which when filled is covered 
with a clay lid luted round the edges with fire-clay. In the second case, 
which is generally preferable, a clay (London or Hessian) crucible is pre- 
pared by filling it with charcoal powder rendered plastic with treacle or 
sugar syrup, which is rammed in with a wooden pestle in successive layers. 
Care must be taken to roughen the surface of each layer, so as to allow 
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the next to atlhcrc to it properly. When carefully done, the whole 
fovni a coherent inass. A cavity is then bored so as to leave a thickness 
of about half an inch of carbon around and below it, as in 
the section %. 34. The sides and bottom of the cavity 
arc carefully polished with a glass rod. When quite dry 
the cementing material is carbonized by covering the crucible 
and exix>sing it to a dull red heat, which may be con- 
veniently done in the flue of the as^ay furnace or in a mufile. 

These linings, when proj)erly made and fired, give a compact mass of 
charcoal of considerable strength. The assay stimple and fluxes, mixed as 
in the first case, are charged into the crucible, filling the space h, c, but 
no charcoal is required, the reduction being effected by the lining. The 
top, a, b, of the cavity is filled either with charcoal powder, or preferably 
by a solid sponge of charcoal, and a cover is fitted on later. 

Fmion of the Aiisay . — The charged crucible when dried is placed in 
the centre of the furnace about 3 or 4 inches above the grate-bars, upon 
a stand made of a piece of fire-brick. One, two, or four assays may be 
made at once, according to the size of the crucibles emjdoyed; two is 
perhaps tluj most convenient number. After filling the furnace with 
fuel, the firing is conducted with the register nearly closed, in order to 
allow the crucibles to hecoine gradually heated, and the water and volatile 
constituent's to escape without cracking the luting. After about half an 
liour the draught is gradually increased, until at the end of an hour 
llie furnace is urged to its highest temperature, which is maintained for 
a quarter or lialf an hour longer, after which time it is allowed to cool 
down. The crucibles, with the stands, to which they are generally fluxed 
by the slag fonued by the ash of the fuel, are then removed and allowed to 
stand on the top of the furnace until cooled. The lid is then removed, 
and the crucible* ciacked in two lengthwise by a small chisel-faced hammer. 
If the operation lias been successful, the iron will be found in a rounded 
button covered by a mass of well-melted glassy slag, which can be easily 
separated. T^sually, however, in addition to the main button, some of 
the reduced iron will be found in shots through the slag, so that it is 
always necessary to break the latter to a coarse powder in a steel mortar, 
and se])arato the interspersed metal by passing a magnet through the 
powder. Tho particles so collected are added to the main button and 
weighed with it. If, from improper fluxing or insufficient heat, the ore 
has not been perfectly reduced, the metal will be found in the condition 
of malleable and not of soft cast-iron. A glassy transparent slag of dark 
green colour indicates that tho earthy bases added have been insufficient 
to flux tho silica, and that some iron has been scorified. On the other 
hand, lime and magnesia in excess give stony or crystalline masses, which 
are only fused, but not melted, having the iron diffused through them 
in crystalline scales, A light-grey or bluish enamel, or a white or srnoky^ 
grey translucent glass, is obtained when the fluxes liave been properly 
proportioned. Tliis will bo coloured purple by manganese when in small 
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proportion, but green or brown when in larger quantity. The button of 
iron when weighed should bo broken between paper by striking it a 
smart blow upon an anviL Under the most favourable conditions it 
will show slight malleability, and break with a dark-grey fine-grained 
fracture, like that of foundry pig-iron, which is rendered somewhat brighter 
and harder by phosphorus, and is spotted with white if sulphur is present. 
If any notable amount of manganese has been reduced from the ore, a 
brittle white metal of a platy crystalline structure is produced. If the 
metal is grey and well melted, the phosphorus in the ore will be com- 
pletely reduced, and the button may be used for estimating phosphorus. 
The weight of the metal obtained by a dry assay should be somewhat 
more than that of the iron contained in the ore, as the return is made in 
cast-iron which contains several units per cent, of substances other than 
metallic iron. Practically, however, this is not always realized, there 
being generally some iron taken up by the slag, and the pig-iron yield 
will very nearly represent the amount of pure iron in the ore. If, 
however, the ore contains much manganese, the excess of weight may bo 
from 4 to 7 per cent., or more. 

Swedish Process. — In Sweden assays of iron ores are made in small 
brasqued crucibles, each about 2 inches in height, and l^ inch in 
diameter at its lai^est end. The weight of ore operated on is usually 
from 15 to 20 grains only, and four crucibles are jdaced in the 
furnace at the same time ; a piece of fire-brick, about 3 inches square, 
being used as a stand. As soon as a white heat has been reached, the 
fire is allowed to burn down, and, when the furnace has sufficiently 
cooled, the crucibles are removed by lifting out the stands, to which they 
^vill be found firmly attached by the partial fusion of the brick with the 
ashes of tlie fu(d employed. When cold they are broken, and thti buttons 
and slags examined in the usual way ; the four results, when the assays 
have been skilfully made, should not vary more than or per cent, 
from each other. As in the case of assays made upon larger quantities 
of ore, the metallic shot, when w’rapped in stout pajmr and struck by a 
hammer on an anvil, should flatten slightly before bi-eaking. 

Wet Assay of Iron Ores. — Iron may be directly determined by 
bringing it into solution as a ferric salt, and precipitating it as ferric 
hydrate by means of potash or ammonia. Tlie precipitate when washed, 
dried, and calcined at a red heat gives ferric oxide, containing 70 per 
cent, by weight of iron. This method, is, however inconvenient, not 
only on account of the gelatinous character of the precipitate, which 
renders the washing tedious and troublesome, but more particularly from 
the circumstance that ferric hydrate carries down phosphoric acid and 
silica with it ; when these are present, even in small quantity, it cannot 
be separated from them by washing alone. The method of direct deter- 
mination is therefore almost entirely abandoned in favour of more rapid in- 
direct methods, which are susceptible of extreme accuracy. These depend 
upon the circumstance that when iron in solution as ferrous chloride is con- 
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verted into ferric chloride by a cold solution of an oxidizing agent, the 
consumption of the latter is proportional to the amount of metal present, 
and if the solutions are of known strength, the amount can be determined 
l)y measuring instead of weighing. Two principal methods are in use, 
which are due to Margu(5rite and Dr. Penny respectively. They differ 
principally in the nature of the oxidizing solution employed. 

Marguerite’s Process. — When potassium permanganate is added to 
the solution of a ferrous salt, the latter is converted into a feriic salt 
according to the following equation for ferrous chloride : — 

lOFeClo + 2 KMn 04 + 16HC1 = 5Fe^,Ck + 2KC1 + 2MnCl > + 8H >0. 

Potassium permanganate solutions, even when very weak, have a 
decided red colour, which is immediately discharged as long as any 
ferrous salt remains unaltered ; but immediately that pf)int is reached, 
even a single drop in excess gives a characteristic rose tint to the solution, 
so that the exact termination of the operation is easily seen. 

Penny’s Process. — Ferrous salts in solution containing free acid are 
converted into the corresponding ferric salts when treated in the cold 
with a solution of potassium bichromate. The following is the reaction 
for ferrous cliloride : — 

6 FeCl 2 + KjCrPr + 1 4HCI = 3Fe ,Clc + 2KC1 + Cr >Clo + 7H,0. 

The change of colour in the solution by this method is not sufficiently 
marked to sliow the exact termination of the reaction, and a secondary 
mode of indication is therefore required For this purpose a weak solu- 
tion of potassium ferricyanide (red prussiate) is used. A slab of white 
porcelain is covered with dots of this solution, and a drop taken by a 
stirring-rod from the assay licjuor is added to a fresh dot at intervals 
(luring the addition of the standard solution. So long as any notable 
jiroportion of ferrous salt remains, a deep blue colour is immediately pro- 
duced ; but as the oxidation proceeds, the blue tint becomes paler and 
forms more slowly, and when the oxidation is complete, no change of 
colour takes place. 

Preparation of Standard Solutions , — In order to avoid calculations 
as much as possible, standard assay solutions are made of such strength 
that a unit volume measured in the burette stands in some simple relation 
to a unit weight in the assay sample. For instance, for metric measures 
one cubic centimetre may represent one centigramme of pure iron, or one 
per cent, upon an assay weighing one gramme ; and as the burette can be 
read to loss than of a centimetre, the result will be accurate to within 
iV Solutions of this strength are of the following composition ; — 

Grammes per litre. Grains per gallon. 

1. Potassium bichromate , . 2*821 197*470 

2. Potassium permanganate . 8*764 613*480 

In either case, the weighed quantity of pure crystallized salt may be 
dissolved in somewhat less than the proper quantity of water, and diluted 

L 
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to the right strength when the actual value or standanl has been deter- 
mined by experiment. This is done by operating upon a weighed 
quantity either of iron of known composition, or preferably of pure 
ferrous sulphate, or of amnionio ferrous sulphate. The latter salt is 
])erliaps the most convenient, as it may easily bo preserved without 
alteration, and contains exactly one-seventh of its weight of iron. 

The bichromate solution being quite stable wdieii protected against 
loss by evaporation, may be prepared and kept in large quantities, but 
tlie permanganate is more susceptible to alteration, and should not be 
kept too long. It is also immediately docompos>ed by contact with organic 
matter, and therefore must be kept in glass-stoppered bottles. 

Solution of the Ore . — About one gramme of the finely powdered 
sample is heated in a hard glass fla.sk wdth strong hydrochloric acid until 
the whole of the iron is dissolved. The insoluble residue, when light- 
coloured, consists only of silica and clay, and need not be separated ; but 
when it contains carbonaceous matter, as is the case with blackband iron- 
stone, the solution must be filtered. The dissolved iron, bedng wholly or 
partly in the state of f(‘rric chloriile, is next redu(*ed to tin* ferrous state. 
For this purpo.se the solution is diluted and treated witli zinc or sodium 
sulphite. In the tir&t case, it is necessary to use zinc free from iron in 
tohu’ably large granulated })i(*ces ; the small trace of lead usually piesent us 
of no consequence. The liquor is boiled until it is complettdy dijcolorized, 
and when cool is poured otf into a porcelain di'-h, leaving th^ undi.^^olved 
lumps of zinc behind. The^e are rinsed with water ami the wadiings 
added to the original solution. The treatnumt vilh .sodium .'-ulphite is 
similar; it is added either in solution or eiy'-tals, and tin* dt*colorizt‘d 
li<j[Uor mii&t be b(dled until it ceasC'? to .smell <»f sulplinrous acid. The u.^e 
of zinc, though convenient, is inadmi.ssihlc* when the i>re contains titanium, 
as tlie higher tilaiiie chloride, T1CI4, is r(Mluc<Ml by it to titanous chlorale. 
TiyCIfi, which being re-converted by the btandard solution, will c{iusj‘ tli(‘ 
amount of iron to appear higln r than it r«*ally is. Another V(‘ry aeciirat** 
imdhod of reduction i.s to pass sulpliuretUMl hydiogen tliioiigh tin; solution 
until it is decolorized, and then boiling until the exces.s of gas i.s com- 
pletely expelled. 

Deter uilnat inn 0/ the Iron . — The as.say solution when ililuted and 
transferred to a jiorcelaiii di.sh, as dc.scribed ab(»\e, is placed beneath tlie 
spout of theburette, and tlie standard ''olutioii is added in quantities of two 
to three centimetres at a tim(‘, the contents of tlie basin being carefully 
stirred after each addition. Tlie quantity added each time is dimiiiisln*d 
as the operation proceeds, and finally is made by single drop.s. The 
slightest excess of permanganate give.s a jiink colour to the liquor, so 
that the exact termination is readily detei mined. With the bicliromale 
this point is not quite so easily seen, and it is therefore necessary to 
repeat the testing with the red prussiate indicator at short intervals wlnui 
the standard solution ceases to produce any decided change of colour in 
the assay. 
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When permanganate is used, it is better to convert the ferrous salt in 
the assay into a sulphate, wliich may be done by evaporating the hydro- 
chloric acid solution nearly to dryness, adding sulphuric acid, and boiling 
until the hydrochloric acid is driven o£^ as under certain conditions 
permanganate is decomposed by hydrochloric acid when concentrated. 

As has already been stated, the permanganate method is inaccurate 
wlien the ore contains organic matter, and for this reason the use of 
iiiJiarubber tubes in connection with the burette must be avoided, a 
glass stopcock being substitut'd. 

The state of oxidation of the iron in the ore may, when the total iron 
has been determined by the method described above, be found by making 
a second assay, omitting the reduction by zinc or by sulphurous acid. In 
this case only the iron originally existing as ferrous oxide is determined, 
and from the difference of the two results that contained as ferric oxide 
Is computed. Special care must be taken to prevent the access of air or 
oxygen to the flask during solution. This may be done by dissolving the 
iron in a partially closed tube, or adding some carbonate of sodium to the 
li(iUor to expel tlie air by the carbon dioxide given off. 

Penny’s ])roce^s is generally to be preferred to Marguerite's, for the 
following reasons : — 

1. The solution of potassium bichromate is less liable to decomposi- 
tion by long ke(‘ping than that of permanganate, and requires less fre- 
(luent standardization. 

2. The result obtaiiKnl is more reliable, since it is not subject to error 
through evolution of chlorine. 

3. It occupies less time, as filtration is not generally necessary, even 
wdien carbon or other organic matter is present, and no time is lost in 
waiting for tlie solution to cool, as is the case with permanganate. 

Dnj and Wet At^my, — Comparative Yields . — As the re&ult of dry 
assay is castdron, a substance sometimes containing above 15 per cent, of 
other elements, while the wet assay expresses the amount of jnire iron in 
the ore, the results obtained by the former method should, in all cases, 
indicate a higher yield tliaii those obtained by wet assay from the same 
ironstone. 

The following series of dry and wet assayvS, carefully made in Dr. 
Percy’s laboratory, will serve to show the usual amount of difference 
between tlie results obtained ; — 


' 

1 1 . 1 2 . 

3. 4. 

8. 6. 

Iron by dry assay . 73 '30 j 70 30 

„ wet „ . 69-75 1 68 08 

59-60 

57-67 

35*30 

33*35 

42-10 

37-55 

34*30 

32*13 


The wet assays were made by moans of a standardized solution of 
potassium bichromate or of permanganate, and the dry assays in brasqued 
crucibles by the Swedish method. 
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Analysis of Iron Ores. 

The complete analysis of an iron ore is an operation which is both 
tedious and difficult, involving numerous precipitations, filtrations, wash- 
ings, dryings, and weighings, and should only be attempted by a chemist 
having considerable experience of mineral analysis. The following is an 
outline of the more important processes employed for the systematic 
analysis of ores of this class, but the reader who may reipiire more com- 
prehensive information on this subject is referred to a ‘ Memoir on the 
Iron Ores of Great Britain,* founded 011 investigations conducted by 
Alessrs. Dick & Spiller in the laboratory of the Royal School of Mines, 
published, in parts, between the years 185G-C2. He will also do well to 
consult an admirable paper by IMr. E. Riley, in the * Quarterly Journal 
of the Chemical Society,* vol. xii. p. 13.^ 

Water . — The amount of Injgrosn^pic water present in an ore is deter- 
mined by exposing a weighed quantity in a finely powdered state to a 
temperature of 100° C. in a water-bath until it ceases to lose weight. 
Combined water is estimated by heating the dried ore, or a weighed ([uan- 
tity of the undried ore, to redness in a hard glass bulb, to which is 
adapted a chloride of calcium tube, of which the weight has been pre- 
viously ascertained. By this treatment the water and other volatih* 
matters are expelled, the water only Innng retained by the calcium 
chloride, so that its amount may be found directly by re-w(*ighing the 
tube. When undried ore is operated on, the amount of wat(*rlost by ex- 
posure to 100° C. must be subtracted from the increase in weight of the 
chloride of calcium tube, in calculating the jiercentage of combined water 
present. 

Attack by Hydrorldoric Acid, — A weighed quantity of the timdy 
pulverized ore is digested in strong hydrochloric acid until no further 
action takes place, and, after boiling for an additional ten minutes, the 
.solution is diluted with distilled water and filtered. The intialnble matin' 
which remains on the filter is well washed with distilled water, dried in 
a water-bath, ignited in a platinum dish, and weighed. 

The filtrate from insoluble matter is now boiled with tlie addition of 
nitric acid or potassium chlorate, for the purpose of peroxidiziiig the iron, 
and after being rendered neutral with sodium earbonati*, is boiled with an 
excess of sodium acetate and filtered liot. The i)recii)itate thus obtained 
is washed with hot water, the filtrate received in a flask, nmderod alkaline 
by ammonia, and a few drops of bromine added. After corking tlie flask, 
it is set aside for twenty-four hours, when it is boiled, and the precipitated 
hydrated manganic peroxide separated by filtration, washed, and con- 

1 ‘ On the General Occurrence of Titanic Acid in Clays, and the method employed 
to estimate it ; on the Analysis of Iron Ores and Siliceous Minerals containing Iron ; 
the separation of Oxide of Iron from Titanic Acid ; and the methods of estimating 
Iron.’ Also, * The Assay and Analysis of Iron and Bteel,’ by Thomas Bayley. 1884. 
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verted by ignition into Mn 304 . From the weight of this the proportion 
of manganese is computed. The filtrate from the last operation may con- 
tain lime and magnesia ; the former is precipitated by oxalate of ammo- 
nium, and may be weighed either as carbonate or as sulphate of calcium. 
Oxalate of calcium is converted into carbonate by ignition at a low red heat, 
and into sulphate by the addition of weak sulphuric acid and heating until 
the excess of acid has been driven off. The most accurate results are 
perhaps obtained by the latter process, although, when the carbonate 
obtained by igniting the oxalate is subsequently heated with a little 
carbonate of ammonium until all traces of the volatile salt have been 
expelled, the former method is sufficiently exact. From the amount 
of the calcium salt thus found the percentage of lime present is cal- 
culated. To the filtrate from the oxalate of calcium, sodium phos- 
phate is added, and the solution is set aside for twenty-four hours, 
during which time, if magnesia be present, a crystaHine double phos- 
pliate of magnesium and ammonium will be deposited. This, on 
being lu*ated, gives off water and ammonia, and is converted into 
magnesium iiyrophosphate, HgoPoO;, containing 36*33 per cent, of 
mwjnesia. 

The ])recipitate produced in the hydrochloric solution by boiling 
witli excess of sodium acetate, consisting of basic acetates of iron and 
aluminium witli phosphoric acid, is dissolved in hydrocliloric acid and 
boiled with excess of caustic potash in a platinum dish. Ferric oxide 
will be thus thrown down, while the alumina at first precipitated is 
re-dissolved, and may be separated by filtration. The filtrate is acidified 
by hydrochloric acid and boiled with the addition of potassium chlorate, 
for the pur])ose of destroying any soluble organic matter due to the action 
of the caustic alkali on the filter, rendered nearly neutral by ammonia, 
and finally made alkaline by carbonate of ammonium. Tlie alumina, 
together with phosphoric anhydride, will, when that substance is con- 
tained in tlie ore, be now precipitated, and must be washed, ignited, 
and weighed. 

The amount of PoOg present is subsequently ascertained by the 
method given on p. 166, and its weight is deducted from the former 
weighing. The difference gives the amount of alumina in the 01 * 6 . 

The prcci])itated ferric hydrate remaining after the separation of 
alumina is re-dissolved in hydrochloric or sulphuric acid, and the amount 
of iron determined by a standard solution of either bichromate of potas- 
sium or of the permanganate.^ 

1 Clicinists have now generally given up the use of potash in the nnahsis of iron 
ores ; ferric oxide, alumina, and phosphoric anhydride are weighed together, and the 
mixture then dissolved in hydrochloric acid. Any silica it may contain is separated 
by filtration, the iron is determined by a standard solution, and the corresponding 
amount of ferric oxide is deducted from the weight of the mixed precipitate ; phos- 
phoric anhydride is estimated by a special determination, and its weight also deducted, 
the residue being alumina. Estimation by loss is generally objectionable, but experi- 
ence has shown that this method is most reliable. 
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Sulphur . — Sulphur may exist in iron ores either as sulphates, soluble or 
insoluble in 1 hydrochloric acid, or as insoluble iron pyrites. The sulphur 
present in the form of soluble sulphates may be determined by digesting 
a weighed quantity of the ore in dilute hydrochloric acid, iilteriiig, and 
adding barium chloride to the filtrate. The sulphate of barium pre- 
cipitated is thrown on a filter, washed, dried, ignited, and weighed, and 
from its weight is calculated the percentage amount of suljdiur existing 
in the state of soluble sulphates. If insoluble sulphates are present, the 
amount of sulphur they contain may he determined by fusing the pul- 
verized ore with carbonate of sodium, floating the fused mass with water, 
decanting, adding hydrochloric acid in excess to the solution, and pre- 
cipitating by barium chloride as before ilirected. If suljdiates soluble in 
hydrochloric acid are present at the same time witli sulphates insoluble 
in that menstruum, both operations will be necessary for their separate 
determination. 

The sulphur present as iron pyrites is best determined by fusing 
the substance in a finely divided state, with a mixture of nitre and 
pure sodium carbonate, in a gold crucible, dissolving in dilute hydro- 
chloric acid, evaporating to dryness, and separating insoluble matter 
by re-attacking with hydrochloric acid and filtering. Sulpliate of 
barium is precipitated from the filtrate on the addition of liarium 
chloride. 

Phosphoric Anhydride . — This may be determined by the method 
first proposed hy Dick. A weighed quantity of tlie ore is dis.^olved in 
hydrochloric acid, tlie insolulilc matter is separated by filtration, tlie iron 
in the filtrate reduced to tlie form of a protosalt by sodium sulj>hite, and 
all free sulphurous anhydride driven off by boiling ; a small jxa tion of 
the solution is oxidized by nitric acid and added to th(‘ remaimhu’, whicb 
is then nearly neutralized with ammonia, acetate of sodium addotl, and 
the mixture boiled. All the phosphoric acid is precipitated, tog(*ther 
Avith a small amount of ferric oxide, of wliich a portion goes down as 
ferric acetate. The precipitate is collected and dis>olved in excess of 
hydrochloric acid ; tartaric acid, ammonia, and a magnesium salt added, 
and the liquid allowed to stand at least ttvemty-four liours ; tluj j>re- 
cipitate is collected on a filter, w’ashed, dried, and ignit(‘d, and wciglied 
fts MgjP/Ij, containing 63*67 per cent, of IML,. For ores containing 
only minute quantities of phosjdiorus the method of precipitation hy 
inolybdic acid may h(i used. 

Carbonic Anhydride . — The amount of C(K present is best deter- 
mined hy dissolving a knowm weight of ore in hydrochloric acid in a 
small flask provided with a safety-funnel, and collecting the gas evolved 
in potash-bulbs, after drying it hy passing througli a cliloride of (‘ulcium 
tube. 

Indirect Determination of Manganese . — A method of determining 
manganese in iron ores or metal, which is much more rapid than tliat 
previously given, has been introduced by Mr. Pattinson, who finds that 
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inanganesG may bo completely precipitated from a hydrochloric acid 
solution containing a certain proportion of ferric chloride, as hydrated 
dioxide, by a solution of bleaching-powder or bromine and an excess of 
carbonate of calcium, the temperature of the liquor being kept at about 
60'' to 70’* C. The dark brown precipitate, when freed from chlorine or 
bromine by washing, is transferred in the filter to a beaker, in which a 
measured volume of a solution of ferrous sulphate in sulphuric acid con- 
taining a known quantity of iron has been placed. The precipitate is 
readily dissolved, the manganese dioxide producing manganous sulphate, 
and oxidizing an cf^uivalent proportion of ferrous to ferric sulphate. 
The residual amount of ferrous sulphate is then determined by bichro- 
mate standard solution, as in iron assaying, and the difference between 
this and the total quantity taken gives the amount peroxidized by the 
oxygen liberated from the manganese dioxide in dissolving, and from it 
the metal in the latter is comjmted according to the following equa- 
tion : — 

2 Fe 0 S 03 + + 2 SO 3 = MnOSOg + Fe.Oa^SOs, 

each unit of fewrous suljdiate oxidized representing 0*18 unit of manga- 
nese. In order to compensate for any error due to th6 reducing action 
of the i^aper of the filter, a filter of similar size should be added to 
the acid ferrous sulphate liquor before determining its standard. This 
method is sufficiently accurate for most purposes when the proper pre- 
cautions ^ are taken ; but to ensure comjdete precipitation, in the first 
instance, it is necessary that the original solution should contain, at least, 
lialf as much iron as manganese. 

Tiianic Ojride , — The amount of titanic oxide present in ordinary 
iron ores is usually so small that its determination is not of much com- 
mercial imjiortaiice. For the proc(‘sses employed for the exact estimation 
of this substjiiice, whicdi are somewhat complicated, the reader is referred 
to the memoir before referred to of Mr. Kiley, who has devoted much 
careful attention to the metallurgy of iron. It is, however, a mistake to 
suppose that titanic oxide is left with the silica in the analysis of iron 
ores, or that it is cornjdetely separated by evaporation to dryness; a con- 
siderable amount is dissolved by strong hydrochloric acid. In iron ores 
containing from 20 to 30 per cent, of titanic oxide it has been found that 
nearly the whole had been dissolved by hydrochloric acid, and that only 
a very small amount remained with the silica. 

Itisoluhir Umdue. — The insoluble residue from the attack of liydro- 
chloric acid is, for commercial purposes, not usually examined, and is 
generally returned as “ insoluble siliceous matter.’^ With a view to 
ascertaining its inlluencc on the working of the ore, it is, however, some- 
times desirable to determine its exact composition, in wliich case it may 
be fused in a j)latinum crucible with four times its weight of an equal 

^ For furtlier details, see Mr. Faitinson’s pa 2 >er, ‘Journal of the Iron and Steel 
Institute,’ 1879, p. 209. 
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mixture of the carbonates of potassium and sodium, and subso(|uently 
treated ^vith hot water, which dissolves out alkaline suljdiates, if present, 
togetlier with alkaline silicates. The residue, after decanting the aqueous 
solution and washing, is treated with hydrochloric acid and evaporated 
to dryness in the usual way ; the liltrate is added to the liquid obtained 
by evaporating the aqueous solution to dryness with addition of liydro- 
chloric acid, re-treating w’ith hydrochloric acid and filtering, Should 
insoluble sulphate of barium or sulphate of strontium have been present 
in the ore, a precipitate will be at once formed, and the insoluble sul- 
phates are separated by filtration ; in the filtrate will bo found oxide of 
iron, alumina, lime, magnesia, &c., which may be sepamted and estimated 
by processes already descrilied. 

Metallcrgy of Irox. 

As has been previously stated, iron is u.^ed in the three principal states 
of cast-iron, steel, and wrought-iron, which ditfer from each other mainly 
in their amount of contained carlxm, and it is to the produ<*tion of these 
three substances that the iron-smeller^s operations are direct eil. Taking the 
ore as a point of departure, any one of the three products may be obtained 
from it, either by a single furnace ojieration, e^sentially one of reduction by 
gaseous or solid carbon, or by a combination of two or more alternating 
operations of reduction, oxidation, or jininfj, and carburizing or cetneui(i- 
tion. The former are known as tUpci and the latter as processes. 

The direct production of malleable iron will be first considered, as 
representing the simjilcst ami most ancient process, as well a& iliat from 
which all the more complex metliod.s have been developed. 

IJIRECT rUEl'ARATIOX OF MALLEABLE IliOX. 

"When a lump of pure and easily reducible iron on*, such as soft red 
haematite, or a lirown iron ore formed by the oxidation of spathic ore, is 
heated in a bed of igniteil cliarcoal in a smelting fire, it is readily re- 
duced, and a mass of metal obtained similar in shape to that of tlie 
ore treated ; if the lump is sufficiently large, one end may be reduced 
and drawn out to a bar or rod, while the other remains as unaltered 
ore. The reducing ag(uit is carbonic oxide formed by the action of tin* 
blast upon the fuel in f‘xcess, and the operation exactly represruits the 
essential features of the primitive native methods of iron-smelting prac- 
tised in forges by the inhabitants of India and xVfrica, and the Catalan 
and Corsican proce>ses, which have survived until recently in Euro]>e. 

Dense and imjxirmeable ores, such as rich magnetite and specular 
haematite in lumps, are unfit for the direct process, and must lx* pulverized 
in order to provide sufficient surface for the action of tlui i educing 
gases, and added by small quantities at a time to the bed of ignited (jliarcoal. 
This condition is characteristic of the Geniian blooming process, which, 
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though now extinct in Europe, is still practised uj)on a considerable scale 
ill the United States of America. 

If, instead of ])ringing the ore directly into contact with the fuel, the 
latter be converted into carbonic oxide and passed through the ore in 
a chamber or retort, which may or may not be heated externally, the 
condition of reduction is similar to that described pp. 179-183, for the 
production of sponge iron by carbonic oxide. This method is represented 
in the dirc‘ct processes of Clay, Chenot, Blair, Siemens, &c. 

Native Fouge or Blooming Processes. — Very primitive methods of 
iron-making are still })ractised in many localities in India, Burniah, and 
the East Indian Islands. The furnaces used are of two kinds, one being 
worked with an artilicial blast and the other without. These latter pro- 
liably represent an older class, used before the discovery of bellows ; at 
least such is believed to have been the case in Europe, as remains of 
furnaces have been found in many places on hill-sides exposed to the 
wind, but far removed from watercourses whence power for moving 
blowing engines or hammers could be obtained. These furnaces are 
known as Winilafen in Germany, and as hayles or holes in the North of 
England, where they were employed for smelting lead ores. A Burmese 
furnace of this class is described by Mr. W. T. Blanford ^ as having a 
stalk about 10 feet high cut in a bank of sandy clay, with a solid wall in 
front of about 3 f(‘(*t thick. The horizontal section is trapezoidal with the 
longer side in front, the breadth increasing from IJ foot at the top to 
or 6 feet at the bottom, and the depth from front to back increasing from 
21 inches at the to}) to 2 feet at the widest part about midway down, and 
diminishing to 1 foot at the bottom. An arch cut in the foot of the 
bank communicates with the rectangular aperture at the bottom of the 
stack, of tlie full width of the latter and about a foot high. "When the 
furnace is at w’ork this aj)erture is fitted with about 20 nozzles or tuyers 
of burnt clay, the intermediate s])aces being jdastered u}) with soft clay. 
When done, a lighted brand is placed at the bottom of the stack, and a 
bed of charcoal is formed, u})on wdiicli ore and charcoal are charged 
alternately in the total proportion of about 420 lbs. of the former to 
437 lbs. of the latter. In about eight or nine hours after lighting, a hole 
about four inches square is cut through the side of the stack next the 
l)ottom to allow* the slag that has accumulated to esca})e, after w'hich it is 
stopped and re-o)>ened at intervals of about half an hour until the flow 
of slag ceases. The furnace is then allowed to cool and the clay stopping 
at the bottom is broken out to allow^ the reduced iron, which foimsa long 
narrow mass of the sha}X' of the hearth, to be removed. This weighs 
from 90 to 120 lbs., and consists of reduced iron mixed with slag and 
unconsumed charcoal, from wdiich it must be freed by re-heating in order 
to obtain a com})act bar. 

In Bengal and the Northern and Central Provinces of India, furnaces 
blown by bellows are in general use. The furnaces are made of clay, 

^ Percy, *Iion and Steel,* p. 271. 
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usually alluvial mud of a very sandy character, and have stacks of a slightly 
conical form, from 3 to 5 feet high and from 18 to 20 inches diameter, 
with an arch cut out at bottom for the passage of the blast nozzle, which 
is stopped while the furnace is at work. A platform with a raised border 
with an upward slope projects from the furnace top about 3 feet. This 
is supported upon a wooden framing, and upon it the ore and fuel are laid 
before being charged into the furnace. Tin* bellows in use are of several 
kinds ; a common form has a cup-shaped leather witli a central aperture 
connecting a low cylindrical box with a nozzle brought through one side. 
The box is filled with air by the action of a bamboo spring which lifts 
the leather cover, and is emptied by pressing it down with the heel. Two 
such bellows are provided for each furnace, which are worked by one man, 
who stands upon the leather cover, which rises and falls alternat(*ly as the 
heel is raised or depressed. Both bellows blow into one tuyer. Tlie 
ores smelted are cliiefly brown haematites of various degrees of purity ; 
generally they are broken small, ami previously calcined with charcoal 
or brushwood. The manipulation is very similar to that previously 
described. In working, the smelters are very particular in maintaining 
a flame at the furnace top to prevent tlie escape of unconsumed carbonic 
oxide on account of its poisonous character. The operation lasts from 
four to six hours, the slag being tapped off at intervals in the usual 
way. The reduced metal may either be taken out of the bottom or 
preferably lifted out by a pair of t<»ngs from the top, which leaves the 
furnace in working condition, and gives a lirnily coherent mass of iron, 
weighing from 20 to 40 llis. 

The natives of Borneo jm^pare their in)ii from clay ironstone, which 
is treated in a furnace built of yellow clay, and tied round by lioojis 
of bamboo. Its lieight is a little more than 3 feet, and its (*.xternal 
diameter nearly 10 feet, the thickness of the walls being 2 f(*t‘t ; it is 
Mjuare on the inside, narrowing towards the b(;ttom to a rectangular 
liearth, 2 feet long by 1 foot 7 inches wide. Kach furnace has three clay 
tuyers with an opening for nuiniiig off the slag^, and an external basin 
for their reception. The blowing-macliine is a single-acting cylinder of 
wood, open at top and closed at bottom, tlie blast being conveyed from the 
lower end to the tuyer by means of bamboo tubes. Tin* pi>ton is packed 
with feathers, and the pi>toii-ro<l is attached to a lf)ng bamboo, wliicli, 
acting a.s a spring, brings it back again when pressed down to the bottom 
of tlie wooden cylinder. 

The ore, preparatory to smelting, is interstrati fled witli wood and 
roasted in heaps, and. after being broken into pieces of the size of nuts, 
is mixed with ten times its bulk of charcoal, and charged into the 
furnace. When it has been two-thirds filled with charcoal, the mixture 
of ore and fuel is added in sufficient quantity to form a conical heap 
above its mouth. 

The piston is worked at the rate of about forty strokes per minute ; 
tlie slag is tapped off every twenty minutes, and a lump of iron, weighing 
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about 100 lbs., is finally obtained. This is taken out at the bottom of 
the furnace by means of wooden tongs, and is removed to a bed of slag, 
where it is worked by wooden mallets into the shape of roughly formed 
])arallelopipedons ; such a mass is the result of the labour of four men 
during one day. The mass retains much intermingled slag, which is 
removed by dividing it into ten pieces, which are hammered out into bars 
suitable for making sword-blades, during which opeiation a loss of 25 
per cent, in weight is experienced. Soft or steely iron may be produced 
at pleasure according to the nature of the fuel employed, and the pio- 
portions of the charge. 

The Catalav Forge. — Both on the French and Spanish sid(‘s of the 
r^renecb the method of obtaining malleable iron diiectly from the ore 
has lieen practised until lecent times in a furnace 
known as the Catalan forge. This is a low 
health or open hre, whose top is le^vel with 
tlie floor of the smithy or shop, wdiich receives 
a blast from an inclined tuyer above it, as 
shown in figs. 35, 36. The health, about 30 
inches deep, is enclosed by four w^alls ; tliat on 
the side of the tu}er, c, knowm as the penrffs, is 
upright, and built of heavy blocks of cast-iion ; 
the opposite sid(‘, called the ore, is also of 
ca^t-iion block*:, which are curved outward, so 
that the breadth of the furnace increases fiom 
about 2 feet at the bottom to neail} 3 feet at 
the top. The tliiid w’all, a, or chto, about 20 
inches high, aKo U])right and of cabt-iion, 
has a notch in it at the bottom for lunniiig 
out the slag. The fourth side, or cate, h, is 
built of rough masoniy with a slight upward 

batter. The 
hearth bottom 
lb made of a 
block of sand- 
stone slightly 
liollow’ed at the 
top. Thctmer, 
X, is made of 
sheet - copper 
lapped lound 
without solder- 

Fig. aft.— Catalan Foige and Tiompo ; vertical section. 



ing. It lests on the top of tlie porges, and plunges at an angle which 
may he varied with the rec][uirenients of tlie work ^ the proper manage- 
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merit of the blast being one of the niceties of the process. Usually the 
angle is from 35° to 40° from the horizontal plane. 

These forges are almost invariably placed on the declivity of a hill, 
and are supplied witli air by a water blowing machine, called a trompe. 
This consists of a large cistern, A, which is supplied with a constant 
stream of water, and connected with the box, C, by two wooden pipes, 13, 
each about 20 ft. in lengtln 

L 


Fig — Catahin Foigc and Trompe; plm, partly m bociion. 

The lower box, C, which is firmly secured on all sides, and closely 
united to the pipes, B, i^ pierced with two openings, the one, I), near the 
bottom for the escape of the water, and another in the lid, at E, through 
which tlie air escajies into the furnace through the tube, (1, E, and tin* 
nozzle, T, wliich are connected by a leatliern lio>e. 

The openings of the pipes, 13, are, at their point of junction with the 
reservoir, partially closed by a sert of wooden funnel, which cau^es the 
water to descend in the middle portions of the ui)right pipes, instead of 
adhering to and lunning over their inner surfaces, as it would be other- 
wise liable to do. A little beneath the openings of the>e funnels, called 
the Hramjuillons, small openings, y, are cut in an incliuetl direction 
through each tube ; these are call(‘d the cufjyimirurs, and serve for the 
jiassage of the air drawn into the apparatus by the dow invard motion of 
the stream of water. The two upright pipes, B, are lirmly secured 
into the lid of the lower box, C, and are placed immediately over, and a 
short distance alx)ve a w'oodeii shelf, on which the descending currents of 
water are, by their fall, broken into foam. 

The action of the apparatus may be explained as follows : the water 
how'ing from tlie upjKir basin, A, dra\vs down with it a current of air, 
which enters through the holes, g, in the vertical jupes, B, and passes into 
the lower cistern, C. The water which is broken by its fall on the bencli 
below, escapes by the opening, D, wdiilst the air wdiicli has been drawn 
wdth it into the low’er box, escapes by the aperture, E. Tlie position of 
the boards constituting the etranguillons is easily regulated by means of 
w edges, which allow of the descent of a larger or smaller sujiply of water, 
according to the requirements of the trompe. In order, during the work- 
ing of the machine, to regulate the amount of air passing into the furnace 
at tlie different stages of the operation, each of the descending pipes 
is ]irovided with a plug, suspended by a lever and iron rod, by means of 
which the current of water, and consequently that of air, is readily 
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controlled by the workmen. The air is delivered at a pressure of 1 J to 
2 1 inches of mercury. 

The hammer employed for forgin^ the iron produced has a cast-iron 
head, and weighs from 12 to 14 cwts., with a face about 16 inches 
long and 2 ^ inches broad. The wooden helve, frequently made of 
beech, is hooped with iron, and carries a trunnion-ring dividing it into 
two unequal arms, the longer one being on the side of the anvil. The 
hammer makes from 100 to 150 blows per minute, and is raised by a 
scries of cams, arranged around the axle of a ’water-wheel, and acting on 
the tail of the shorter arm. The anvil is comjKJsed of a block of steely 
iron, fastened by a tenon, on a large mass of cast-iron, 'which is itself 
securely bedded either on w’ooden piles or on a heavy block of stone, 
sunk beneath the floor of the foundry. 

In order to understand the method of working this forge, let us sup- 
pose that a mass of iron or bloom has been just extracted from the 
furnace, and that the workmen are ready to clean out the hearth for the 
purjx)se of commencing another operation. 

To do this they first remove from the hearth the burning charcoal 
'which it contains, and then carefully scrape off from the sides any por- 
tions of scoriae, or other fused matter, 'which may be adhering to tliem. 
They then throw burning charcoal into tlie hearth, which they subse- 
quently fill wdth this fuel up to the level of the tuyer. The hearth is 
now divided, either by a shovel or by a piece of sheet-iron, into two 
compartments parallel to tin* face of the poige'?, and in such a \vay that 
the distance between the porges and the shovel may 
be twice as great as that comprised between it and 
the “ ore ” or conirerent Cliarroal is now added 
in the space between the shovel and the tuyer, and 
on the opposite side is juled tin* ore reduced to 
pieces about the size of eggs. The .shovel is suc- 
cessively raised in proportion as the sjiace is filled 
up, and in this w\ay a saddle-backed he.ip, a, h, r, 
tig. 37, is raised against the con tre vent, which is 
terminated in one direction by the side called the 
chio, and in the other by the face of the cave. The 
surface, a, 5, is now covered with damp charcoal- 
powder, and the space, A, between the heap of mineral and the porges, 
is entirely filled with fresh charcoal, in pieces of moderate size. 

When the liearth has been thus prepared, the trompe is set in action, 
and the blast admitted. This is at first done with considerable caution, 
but the blast is progressively increased until it is allowed to play into 
the fire at its full pressure. Whilst this is going on, the heap of broken 
f)re is gradually roasted and reduced, and the workmen, taking advan- 
tage of this opportunity, forge into bars the mass of iron produced 
by a former operation, which for this purpose is finally divided into 
four separate pieces, or viassouquettes. These fragments are placed in 
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the midst of the mass of charcoal lying between the heap of ore to be 
reduced and the nozzle which furnishes the air necessary for carrying 
on the combustion of the fuel, and, after being duly heated, they are 
]daced under the hammer, by which they are made to assume the re- 
quired form. 

As the operation advances, and the fuel is consumed, fresh char- 
coal is added to suppl}" its place, and powdered mineral, obtained by 
sifting the ore as it comes from the mine, is occasionally sprinkled over 
the surface of the fire. These siftings, which are called greillade^ 
are sliglitly moistened with water, after being thrown on the hearth, 
as tliey would otherwise be liable to be blown away b}' the force of 
the blast, and have a tendency to pass too rapidly tow\ards the bottom of 
the fire, through the interstices occurring between the fragments of the 
fuel. 

The charcoal in the immediate neighbourhood of the tuycr, which 
is subjected to the full action of the bla.st, is rapidly consumed with the 
formation of carbonic oxide. This, from the construction of the fur- 
nace, has to pass through the openings left between the lumps of mineral, 
before finding its way into the open air ; the mineral, wdiich has now 
lost all traces of its volatile constituents, and is very strongly heated, is 
in a great mea^ure rt‘du(‘ed by tliis means to the state of s])ongy nndallic 
iron, while the carbonic oxide is at the same time converted into car- 
bonic anhydride, and escapes in that form into tlie atmosphere. Another 
portion of the oxide of iron present, instead of being obtained in the 
metallic state merely becomes converted into protoxitle, which, uniting 
with the siliceous matters of the charge, gives rise to a large quantity of 
very liquid '‘lag, whicli accumulates on the bottom of the hearth, and is 
occasionally drawn off by tiie hole in the face of the cbio. 

At the expiration of two hours from the counmuieement of the 
operation, the full hla&t of the blowing-machine is admitted to the fur- 
nace, and the greillade, whicli constantly descends with the fuel, begins 
to furni&h a certain quantity of 4ag and sjiongy iron, which accumulate 
at the bottom of the hearth. At this stage t>f the process, the founder 
begins to prepare for the formation of the ynass/i or bloom, and, by 
pa.ssing an iron bar between the contrevent and roasted min(*ral, puslies 
forward those portioii'i of it which he judges to be in the mo.st forward 
state in the direction of the nozzle by which the blast is admitted. 
Fresh additions of charcoal and greillade are also successively made, 
during the whole period of the operation, and at the expiration of about 
five hours from the time of its commencement, the entirc‘ charge has 
reached the bottom of the furnace, where the spongy iron is collected 
by the workmen with a long iron scraper, and formed into a bloom ; 
this is afterwards carried to the hammer, by which the slag is ex- 
pressed, and its particles clo.sely webled together in a compact form. 
When the bloom has by this means been welded into a solid mass, it is 
again' put under the hammer, and cut by a kind of heavy steel knife 
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into two equal portions, called moBsoques, wliich after being a second 
time heated in the furnace, are made to assume the form of elongated 
prisms. Each of these is subsequently divided, by a blow of the 
hammer on the back of the cutter, into two equal parts or massouquettes, 
which are drawn out into bars during tlie first period of the succeeding 
operation. 

Each cliarge requires six liours for its conversion into malleable iron, 
but during the last hour of fusion, such of the labourers as are not other- 
wise engaged arc occu])ied in breaking the ores ready for the next opera- 
tion, and sifting the greillade which is to be sprinkled on the surface of 
the fire. 

In 1841 tlie weight of ore treated at each operation, in a hearth of the 
larg<^st size, was about 9| cwts., containing from 45 to 48 per cent, of 
iron ; the fuel consumed averaged 10| cwts., and the produce of bar- 
iron 3 cwts. The consumption of material per 100 lbs. of bar-iron was, 
of ore 312 lbs., and charcoal 340 lbs.; the average cost of production was 
about £17, 5s. per ton. 

In 1868, according to Mussy, the product of one operation weighed 
170 kilogrammes, and the piime cost was as follows per 100 kilogrammes: — 


Francs 

.‘?00 kilogrammes ore at 15 francs per ton . . . 4*60 

200 ,, charcoal at 0 fiaiiC'^ „ . . . . 18*56 

Wages 4*72 

Maintenance of plant and management . . . . 0*71 


28*49 

Or about ;611, 8s. per ton. 

The metal obtained by this method consists of a variable mixture of 
ordinary and steely iron, the relative pro])ortions of which are regulated by 
the way in which tlie furnace is worked ; for if considerable inclination^ 
be given to the tuyer, and the siftings are plentifully thrown on the 
fire, the product is chiefly .soft iron, whilst if the nozzle be more nearly 
liorizontal and the greillade but sparingly supplied, a larger product of 
steely iron is the result. 

Amehican lliooMKKY pHoCESS, — 111 the northern parts of the States 
of New York and Yeriiiont, adjacent to the Canadian frontier, and at a 
few other localities in New Jersey and in Canada, the direct method of 
making iron from the ore is still practised in a furnace very similar to 
that used far lining cast-iron in the so-called Walloon or German process. 
It differs from the Catalan forge by being nearly square in plan, while 
the bottom is a cast-iron plate cooled with water ; the tuyer is also of 
cast-iron. The enclosed space, known as the fire-box, is about 30 inches 
square and 19 inches deep below the shelf or fire-plate on the working 
side, and 12 or 14 inches below the tuyer. The hearth is covered by a 
hood of brickwork, enclosing a series of three or more parallel syphon 
pipes, in which the blast is heated by the waste flame before it enters 
the tuyer. The ores treated are chiefly magnetic, and are cither siftings 
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from the larger lumps separated for the blast-funiace, or concentrates 
obtained by crnsbing and dressing rock with interspersed grains of mag- 
netite, and as nearly as may be perfectly pure. The titaniferons sands 
of the Lower St. Lawrence Valley have also been used. 

The working bottom of the furnace is made of charcoal-dust and the 
slag from the hammering of a preceding bloom. Soft wood charcoal is 
used, and the ore is charged upon it by shovelsful of about 35 lbs., from 
one to tliree being added at a time as soon as the temperature is sufhciently 
high. The reduced iron begins to form a ball or loupe on the heartli 
in about ten or fifteen minutes. The re-heating of the former Idoom goes 
on in the same tire. The duration of one operation or heat is about three 
hours, when 4 to 12 cwts. of ore are treated, giving a loupe or ball of 300 
to 400 lbs. This is forged or shingled under a hammer to a bloom about 
7 inches square, which is subsequently reduced to 5 inches, and then cut 
up and finished to four “billets” each of 70 or 80 lbs. About two tons 
of billets are made in twenty-four hours from one fire, consuming about 
300 to 350 bushels of charcoal. Two tons of dressed ore, of 65 per 
cent, give one ton of bloom, or a loss of 30 per cent. Tliis process is still 
practised on a considerable scale in the Adirondack regions, wln're blooms 
of iron of great purity are made, principally for conversion into steel by 
the open-hearth proces.s. About 60,000 tons of direct blooms are made 
annually in the United States. 

Corsican PROCEsa — A method of producing malleable iron from the 
ore, which differed in many ways from the Catalan, was formerly used in 
Corsica and on the Italian Mediterranean coast The forgo or fire, which 
was blown through a single inclined tuyer Ijy the blast from a trompe, 
had only two permanent walls, one perforated by the tuyer, and the 
other at right angles to it, faced with an iron plate containing the slag- 
hole. A platfonn of masonrj^ about 3 f(*et high carried the Inearth 
bottom, which was a layer of charcoal-du>t moulded to a semi-elliptical 
or horse-shoe-shaped ba.sin, wlio.se bottom was about 4i inches below the 
tuyer nozzle. This basin was enckxsed by a wall of lumps of iron ore 
(rich specular hapmatite fiom Elba), dimini.shing in size upwards. The 
interior of the basin was divided into two jiarts by a hor.se-shoe wall of 
large pieces of charcoal, wliich enclosed a smaller interior well about the 
tuyer, and a larger outer one between itself and the outside wall. This 
exterior space was further divided into l)Oxes or cells by two radial 
ribs, i)rojecting from the main wall of charcoal. The outer cells were 
filled with small ore and dust resulting from the breaking-up of the 
lumps calcined in previous operations, and the interior well, forming the 
fire-place proper, with large cliarcoal. The heap, which was about 30 
inches high, and contained about 10 cwts. of ore, was covered with char- 
coal dust ; a few live coals were placed b(3f<)re the tuyer, and a gentle 
blast given by the trompe. As soon as inflammable gas appeared at 
the top it was ignited, and a moderate firing was continued for about 
forty minutes, after which the blast was turned full on for about an 
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hour more, when the first operation, or roasting-process, was completed. 
The heap was then let down by pulling away the lumps of ore support- 
ing it at the bottom, and the contents were broken up. These, consist- 
ing of masses of agglomerated ore from the outer chambers, which 
were filled with diffused particles of malleable iron, and a cake of 
slag on the hearth bottom, were, together with the small charcoal, put 
aside for the second or fining process, while the larger pieces of charcoal 
were used over again. The lumps of ore forming the casing were 
rendered friable by heat, and thus prepared for breaking, as a prelimi- 
nary to reduction. For the fining operation, the hearth was made up 
with charcoal-dust, carefully freed from earthy matter by washing, 
arranged on two inclined planes, so as to form a gutter below the tuyer, 
upon which a bed of charcoal was laid to support the blooms of the 
preceding operation while re-heating for conversion into bars. This re- 
quired about two hours, during which time the small ore, charcoal-dust, 
and slag of the roasting operation were gradually charged into the middle 
of the hearth. These, together with the slags formed during the re-heat- 
ing, accumulated in the bottom and were tapped off in front. The 
quantity of agglomerated ore required to form one ball was then charged 
in front of the tuyer in two portions, the second being added as soon as 
the first was melted down, the operation being assisted by adding small 
quantities of re-heating slag from time to tima 

When the iron had become a coherent mass in the bottom, the decar- 
burization was completed by the addition of a small quantity of hammer- 
scale and finely divided ore. The blast was then stopped, water was 
thrown into the hearth to chill the surface, and the ball removed by 
tongs. After beating it with a wooden mallet to free it from adherent 
slags, a staff or porter-bar was welded on, to be used as a handle in the sub- 
sequent re- heating and forging ; the latter being done under a water tilt- 
hammer, as in the Catalan process. The entire operation was completed 
in twenty-four hours, four hours being required for roasting and agglo- 
merating, and four hours for the refining and balling of each fifth of the 
agglomerated charge. The iron was of good quality though irregular in 
composition ; it made very durable horse-shoes, and was therefore some- 
what steely. The yield of the ore was only about 38J per cent, out of 
the 65 per cent, of iron actually contained, and the consumption of fuel 
was about 8§ tons per ton of iron produced. The forges only worked 
during seven months of the year, and each made about 26 tons of bar- 
iron, at a cost of XI 9 to £20 per ton. 

Brazilian Process. — In the central part of the province of Minas 
Geraes in Brazil, wrought-iron is made from the ore in a furnace called a 
cadinho^ which is either derived from the German Stiickofen, or has 
been introduced from Africa by some negro slave. It has a stack of 
circular or slightly elliptical section, 10 or 12 inches in diameter, and 
3J- or 4 feet high. The blast, produced by a trompe, is introduced by a 
single iron tuyer, placed 8 inches above the bottom, and opposite to it a 



178 


ELEMENTS OP METALLUEGY. 


hole 1 foot square is cut in the wall for the removal of tlie reduced iron. 
This is plugged with charcoal-dust from the floor of the forge during the 
operation. Three stacks are built close together, and have a common 
casing of large stones of granite or quartzite, and there are two such 
blocks of three furnaces in each forge, but only one is used at a time. 
When the furnace is started, it is filled with charcoal, lighted, and allowed 
to bum until the stack is half empty, when finely powdered rich specular 
ore is added, in quantities not exceeding two pounds at a time, alternately 
with fresh fuel, the stack being kept quite full. The ore is moistened 
with water to prevent its being blown out by the blast. After blowing 
for IJ or If hour the charging is stopped, the furnace bums down, and 
the material accumulated on the hearth is removed. This is an agglo- 
merated mixture of metal and slag, containing from 75 to 83 per cent, 
of iron. The slag is very infusible owing to the small proportion of 
silica (4 to 5 per cent.) in the ore, and consists largely of imi>erfectly 
reduced mineral. It contains 81*3 per cent of ferric oxide, or 57 per 
cent, of iron. By re-heating, from 15 to 17 lbs. of finished iron are 
obtained from one operation, or from If to cwts. from the three fires 
daily. The weight of fuel consumed is seven or eight times that of the 
iron produced, and the latter only represents 22 per cent of the actual 
contents of the ore. 

An improved furnace somewhat resembling the Catalan, known as the 
Italian forge, is aho used to some small extent. It is charged with 
1 cwt. of ore, in lumps the size of an egg, stacked against the front wall, 
while the space behind is filled with charcoal, on which the ball of the 
preceding operation is re-lieated during the earlier stages of the reduction. 
Afterwards about an equal quantity of powdered ore is charged at 
intervals with fresh charcoal. The o[)eration lasts 3J or 4 hours. The 
ball, as in the preceding case, is much mixed with slag and unburnt 
charcoal, and gives 80 or 90 lbs. of iron when re-heated and finished. 
About 40 per cent, of the iron in the ore is reduced, with a consumption 
of charcoal equal to 5| times the weight of the iron made. 

Stuckofen. — The Stiickofen or high bloomery-fumace, which repre- 
sents the largest development of the small stack-furnaces of India, was 
similar in shape to a blast-furnace proper (such as is used for making cast- 
iron), with a stack formed by the junction of two conical frustra of unequal 
slope, the base of the upper or steeper one being downwards, and that of 
the lower, or more obtuse one, upwards; the broadest part, or boshes, in the 
plane of contact being about 4 or 5 feet wide, and the total height 14 to 16 
feet Two tuyers were placed near the bottom of the lower cone, leaving 
a space or hearth below them in which the reduced metal accumulated. 
The working was very similar to that of the Indian furnace, charcoal 
and iron ore being charged alternately until the latter was smelted down 
to produce from 4 to 6 cwts. of iron, when the ball or bloom was with- 
drawn by an opening made in an arch at the bottom of the stack, 
which was plastered up during the smelting process. The slag, resulting 
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from the fluxing of the earthy matter of the ore and the ash of the fuel, 
accumulated in the hearth, and was let off by a tap-hole from time to 
time. The composition of slag of this kind is, according to Karsten, as 
follows : — 

SiOa. PoO. AlaOj. CiO. MffO. MnO. ToUl. 

29*1 517 4*3 2-6 9*2 2*9 99*8 

Three blooms of the weight given above were produced in twenty- 
four hours. Tliis process, although common at one time in Europe, is 
now almost extinct. It was practised in the Eastern Alps and Thuringia, 
and more recently in the Lower Banubian territories and Finland. The 
blooms from the last-mentioned country are known as “ Osmund ” iron, 
and the furnace in which they are made is more like an enlarged hearth 
than a Stiickofen proper.^ 

Clay’s Process. — A patent was granted to William Neale Clay in 
1837, and another in 1840, for processes for the manufacture of iron by 
welding together the crude spongy metal obtained by heating rich haema- 
tite with powdered charcoaL The method employed was to cnish the 
better kinds of red haematite into lumps not larger than a walnut, and 
these, mixed with one-fifth of their weight of charcoal, coke, coal-slack, 
or any other carbonaceous materials, were subjected to a bright-red heat 
in a clay retort or other suitable vessel, until the iron was reduced to the 
metallic state. As soon as the reduction was considered complete, the 
spongy mass was transferred directly to a puddling-furnace, either witli or 
"without a further addition of coke ; it was then balled in the usual way, 
worked into blooms under a tilt-hammer, and afterw’ards rolled into 
bars. Experiments by this process were first made on a small scale near 
Clasgow, and afterwards on a more extensive one in the vicinity of 
Liverpool; commercially it proved a complete failure, although iron 
of fair quality was sometimes produced. The iron was, however, fre- 
quently red-short ; the chief cause of failure was the length of time 
required for reducing the ore, and the consequent heavy expenditure of 
fuel and labour. 

It was subsequently attempted to effect the reduction of the ore 
directly in the puddling-furnace, but here again waste, in the shape of 
cinder, added to a large expenditure of time, fuel, and labour, caused tlie 
process to be abandoned for one in which a mixture of pig-iron, crushed 
haematite, and carbonaceous matter was treated in the puddling-furnace. 
The bar-iron thus produced was tolerably uniform in character, and of 
fair quality, fetching about the same price in the market as the better 
descriptions of Welsh bars. Upwards of 1,000 tons of iron were made 
by this process, but at such a heavy pecuniary loss as to cause it to be 
ultimately abandoned. Dr. Percy remarks of this process, that although 
it was not successful, it is important that the results obtained should be 
placed on record. 


^ Percy, * Iron and Steel,* p. 330.1 
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ChbnoT’s Process. — Specimens of ^pongea nietalliques or metallic 
sponcfos, obtained by the reduction of iron ore in retorts, were exhibited 
by Chenot at the first International Exhibition of 1851 in I^ndon, 
together with iron and steel made therefrom, and works were erected 
for carrying out the process near Bil})ao, Spain, in 1852; at Charleroi, 
Belgium, in 1856; at Pontcharra, Is^re, in 1856; and at Hautmont, 
N^ord, in 1857. But of these, only the first continued in operation for 
any lengthened period. A modification of the process was for some time 
employed by the Messrs. Wright of Mostyn for the conversion of purple 
ore, resulting from the humid treatment of copper ores, into puddled 
bars, but the results were, commercialh% unsatisfactory. 

By this process the ore, if in mass, is broken into lumps of about 
30 cubic centimetres, or IJ cubic inch, but, if pulverulent, as in the case 
of oolitic ores, it is agglutinated, in certain cases with the addition of 
some reducing matter, such as resin, of which about 3 per cent, is added. 
Thus prepared, it is mixed with from 1 J to 1 J its bulk, or, by weight, 
with 19 per cent, of wood-charcoal. 

The furnace in which the reduction is effected consists of a cubical 
mass of masonry surmounted by a truncated cone of elliptical section. 
Two galleries, at right angles, traverse the supporting masonry, leaving 
four pillars at the angles, upon which are arches that support the fire- 
places. Within are constructed two vertical rectangular chambers or 
retorts, 2 m. long. 0*50 m. wide, and 8*50 m. high : at the bottom and 
below the level of the ground is a pit for the reception of the apparatus 
for discharging. The retorts slightly but gradually widen from the 
top towards the bottom, in order to facilitate the descent of the reduced 
charge ; around each of these retorts is a series of vertical flues com- 
municating, at bottom, with the fire-places, and, at top, with a flue 
opening into the air. Tlie whole is firmly braced with bar-iron, and the 
bricks are made witli tongues and grooves in order to prevent displace- 
ment and leakage. 

If the reduced iron were expo.sed to the air while still hot, it would 
t ike fire, and again be converted into oxide. In order to prevent this, 
a rofroidmoir, or cooler, of sheet-iron is placed below eacli retort, and 
biuieatli this there is another iron ca.se into which the metallic sponge is 
discharged when sufficiently cooled. Below the latter, and on a level 
•with the ground, is a waggon running on rails. 

The charge of a funiace with one retort is 1,500 kilo.s., about 1 J ton, 
of calcined iron ore, and 500 kilos., \ ton, of wood-charcoal ; reduction i.s 
complete at the expiration of three days, when the freshly formed sponge 
is allowed to fall into the cooler, where it remains three days. Tlie 
entire elaboration, including reduction and cooling, thus occupies six 
days. When perfectly reduced, the iron sponge has a light-grey colour, 
is soft, and can be easily cut into thin slices with a knife ; it may bo 
ignited by a match, wlicn it continues to burn until the whole i.s com- 
pletely oxidized. Under a i)ressure, .stated at 3,000 atmos])heres, this 
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Sponge has been compressed to one-fifth its original bulk. Great heat is 
evolved during the process of compression. 

The process, as above described, is known as the external or indirect 
method of heating ; by what is termed the internal or direct method, the 
reduction of the ore, instead of being effected by solid carbonaceous 
matter, is produced by a heated current of carbonic oxide gas. In this 
case, the reducing chamber is connected with gas-generators of the usual 
construction, by means of which a gaseous current, rich in carbonic 
oxide, is maintained upwards through the column of ore, and burns at top 
with its characteristic blue flame. A modification of this direct method 
of reduction, which was introduced by M. Tourangin, is said to have 
been attended with considerable economy in the cost of constructing 
the furnace. 

The balling of the sponge is effected in a charcoal hearth similar to 
that employed for the manufacture of iron for timplates in South 
Wales. During the hammering of the ball, jets of blue flame escape from 
it in all directions, and the blooms may be rolled without re-heating 
into bars If inch square; these are cut into lengths, made into piles, re- 
heated, and rolled into merchant-bars. 

Blaiu a Process. — A modification of Chenot’s process was introduced 
by Mr. T. S. Blair at Glenwood, near Pittsburg, in 1870, the waste of 
fuel due to the difficulty with which the heat penetrated the contents of 
the retorts in the former process being obviated by applying fire to an 
annular space containing a mixture of ore and charcoal The reduction 
was effected by gas produced from coke in a special gas-generator, the 
heat developed in the production of the gas being utilized in the furnace, 
so that no external firing w’as necessary. By means of a central tube on 
the top of each retort, about 6 feet long and 2 feet wide, an empty 
annular space of about 6 inches wide was enclosed. The retorts were 
heated externally by gas-jets, and the gas arising from the ore under 
reduction was fired at the top of the pipe, producing a body of flame 
that thoroughly heated the annular space through which the mixture of 
ore and charcoal was fed into the zone where active reduction took 
place; and as the thickness of the layer of materials was less than 
6 inches, instead of 15 inches as in the Chenot retorts, they were 
much more readily heated. The height of the retort varied from 21 to 
45 feet, and the diameter from 3 to 4 feet. The sheet-iron tube at the 
bottom was surrounded with a water-jacket in order to expedite the 
cooling of the sponge-iron. About 27 cwts. of coal and 8 cwts. of 
charcoal were consumed per ton of sponge-iron made ; the loss of iron 
in the slags was from 14 to 16 per cent. As much as two tons of 
sponge-iron were obtained per day from one furnace. It was principally 
used in open-hearth steel-making, the loss on conversion into malleable 
iron in the forge being considerable. The ore treated was a dense, pure, 
specular lisematite, containing 66 per cent of iron. 

Siemens’ Process. — In 1873 the late Sir C. W. Siemens introduced 
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a direct process of producing malleable iron from tlie ore, wliicli was 
afterwards experimentally tried at Birmingham, Sheffield, and Towcester, 
as also in the United States. 

The furnace, of the rotative kind, somewhat similar in character 
to that of Danks, was provided with four regenerators arranged for 
gas-firing. The rotative chamber had an aluminous lining, made by 
grinding a bauxite containing alumina 52*6, ferric oxide 42*26, and 
silica 4*12 per cent, with 3 per cent, of clay and 6 per cent of black- 
lead. This, when very strongly heated, is converted into an infusible 
substance very similar to emery. The cylinder is closed by a door at 
one end, and at the other is a connection with the gas-passages and 
regenerators. The flame on entering is directed to one side of the 
cylinder and returns by the other, the admission- and discharge-ports 
being only separated by a thin partition wall The lining is fettled 'with 
hammer- or roll-scale and cinder to a depth of 6 or 8 inches, and when 
soft, lumps of haematite or rich cinder are thrown in to roughen the 
surface and divide the charge while rotating. The materials used were 
calcined Northamptonshire ores, containing 40 per cent, of iron and al)ovo 
2 per cent, of phosphorus, calcined blackband of 60 per cent, produce, 
and some mill-furnace cinder. Limestone was added sufficient to form a 
moderately basic slag. Coarsely powdered bituminous gas-coal was added 
as a reducing material, to the extent of from one-sixth to one-fourth of 
ihe total weight of the ore and fluxes. The latter were broken to the size 
of a pea, and the w’hole thoroughly mixed. 

According to the size of tlie furnace the charge varied from 24 to 50 
cwts. After the gas was turned on, the furnace was left stationary for a 
few minutes and then slowly turned at the rate of 1 2 to 15 revolutions per 
hour. After or 3 hours the charge began to clot and some fluid slag 
appeared ; the quantity of the latter increased with the temperature, and 
was partly tapped off from time to time. Finally, the furnace was raised 
nearly to a white heat, and the reduced iron was balled up by a rabble 
introduced through the end door, in tlie same way as in a puddling- 
furnace. The balls w’ere shingled under a steam-hammer. Tlie time 
required for one operation was from 4^ to 6 hours ; equal to four or five 
charges per day of twenty-four hours. The yield of blooms was 73 to 
77 jier cent, of the total iron contained, or from 23 to 27 per cent, 
passed into the slag. 

The consumption of coal was from 32 to 34 cwts. for heating, and 
8 to 9 cwts. for reduction on the ton of blooms made, but under tlio most 
favourable conditions, with rich ores, it was brought down to 30 cwts. 
The iron, although made from highly phosphatic ore, was very pure, and 
contained phosphorus 0*07, sulphur 0*03, and carbon 0*12 per cent. 

The slags contained, FeO Fe 208 Al^Os RiOj MnO CaO CaS P 2 O 5 

From first tapping, 46*95 ... 16*50 28*10 0*49 0*29 2 3*2 5*2*2 

From final tapping, 49*24 7 05 ,20*40 18*80 trace ... 0 91 3*46 
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The amount of iron contained is about the same as in those of the 
American bloomery process. 

This process was not found to be advantageous for making wrought- 
iron, as the balls were of a loose, spongy texture, and difficult to clean 
from the slag, which was rather refractory, so that a second heating was 
required. It was afterwards successfully adopted in making sponge-iron 
to be used in open-hearth steel-making both at Landore and in the United 
States. 

The direct processes described in the preceding pages may to a great 
extent be considered as obsolete, or likely to become so in a very short 
time, as none of the newer modifications have been permanently success- 
ful, The older forms have the great advantage of not requiring any 
large or varied supply of materials, such as fluxes and building materials, 
the furnaces being built of any sandy clay or mud, and the ore fluxes 
its own earthy waste. The iron is of excellent quality, even when the 
ores are somewhat inferior, and better than that made from them by 
more elaborate processes ; but against this must be placed the enormous 
waste of fuel and labour consequent on the small scale of the operation. 
There is also a large amount of ore wasted owing to the consumption of 
iron as a fluxing material, but this is of less consequence where it can 
be easily obtained. 

Indirect Method of Obt.\ining Iron — Production of Pig-Iron 
AND Subsequent Conversion into Malleable Iron. 

Wlien finely divided iron is exposed to the action of carbon, whether 
solid or as a gaseous compound, at a high temperature for a sufficient 
length of time, it becomes carburetted to a maximum, producing cast- 
iron which is fusible, and which may be collected in a molten state. 
This condition is always realized to some extent, even in the smallest 
Hindoo furnaces, where particles of reduced iron, that have been separated 
from the main mass in the hearth and become entangled in the residual 
slags, remain for a sufficient time under the influence of the carbonaceous 
fuel, and are cemented into well-melted globules of cast-iron. These 
are collected by breaking up and "washing the slag, and are used as 
slugs or buckshot for largo game-shooting by the natives, and also for 
steeling the edges of iron tools. The small bulk of the particles of 
molten metal in this case keeps them isolated in the viscid slag, but 
when they are larger and more numerous, they overcome the resist- 
ance of the fluid slag and run together, so as to collect at the bot- 
tom of the furnace in one mass. This is what actually happened in 
the working of the Stiickofen, when liquid cast-iron was commonly 
run out in some quantity with the slag before drawing the reduced 
lump of iron ; and it is generally supposed that the modem blast- 
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furnace has been developed from the StUckofen. For the systematic 
production of cast-iron, however, something more than a mere increase 
in the size of the furnace is necessary, namely, the substitution of 
metallic bases (calcium, magnesium, and aluminium), whose oxides are 
not reducible by carbonic oxide, for iron, as a means of fluxing the silica 
of the ore and fueL In other words, earthy fluxes, such as limestone, 
dolomite, and, to a less degree, shale and bauxite, are used to produce 
fusible slags, instead of sacrificing a considerable proportion of the iron 
in the ore, as is done in all direct processes. By appropriately varying 
the fluxes, the reduction of the ore may be accelerated or retarded, and 
the simultaneous separation of other elements, such as phosphorus and 
silicon, and their combination wdth the reduced and carburized iron 
promoted or impeded within very considerable limits, so that products 
differing widely in physical properties may be obtained. All of these, 
however, have the common property of fusibility at the maximum tem- 
perature prevailing in the furnace, and therefore bear the common name 
of cast-iron. 

The result of dry assay shows that cast-iron may be rapidly produced 
from the ore when it is intimately mixed with reducing carbon and the 
necessary fluxes, and heated from an exterior source. This, however, is 
not practicable on a large scale, wdiere the heat, produced by the rapid 
oxidation of carbon at the bottom of the furnace, is made to act upon 
the materials or burden in the body of the apparatus by passing the 
highly heated gaseous pioducts of combustion through them. This sup- 
poces that these substances shall be so loosely stacked as to allow a 
free passage for the gases, while there is practically sufficient surface 
for the exercise of their reducing action. In other words, the ore and 
flux must be in fragments of appropriate size, dust ores being excluded 
as choking up the circulation of the gases, wdiile excessively largo lumps 
may pass through unreduced, producing ferriferous slags and other de- 
rangements in the furnace. It is therefore often necessary to subject 
the materials to a preliminary breaking, and more generally to calcina- 
tion, and as these operations are of considerable importance, they will 
be considered before discussing smelting operations proper. 


pREPAEiATION OF IllON OrES. 

Washing, &c. — The pisolitic ores of Central France, and to some 
extent those of South Germany, are often associated with a considerable 
quantity of clay and sand, from vrhich they may be in great part freed by 
washing in a current of water, by a pug-mill, or by some analogous con- 
trivance ; the rough ore, when compact, being first broken by suitable 
machinery or by hammers. Various simple contrivances of this sort will 
be found in the older metallurgical works. At the present time the prin- 
cipal apparatus used is the washing-drum or irmtimel. This is a cylinder 
or cone of wrought-iron 10 to 15 feet long, with its axis inclined about 
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15 degrees froni the horizontal position, which receives a slow motion of 
rotation by toothed gearing. The stuif is fed in at the upper end and 
travels slowly down the inclined surface, while a jet of water traverses 
it in the opposite direction. This carries the sand and lighter waste 
out at the top, the cleaned ore being delivered below. The ore remains 
about ten minutes in the drum, or about 10 tons of stuff are washed per 
hour. A six-horse engine is sufficient to drive it. This includes the 
power necessary for an elevator lifting the ore about 30 feet. 

In order to attain regularity in working, it is desirable that the charges 
of ore and fluxes should be reduced to fragments of nearly uniform 
dimensions. The size of these should be regulated in accordance with 
the height of the furnace and the greater or less degree of facility with 
which the ore is capable of becoming reduced. In the hfematite districts 
of Lancashire, it is usual to break both ore and fluxes to the size of 
ordinary road-metal ; and in Sweden the hard magnetic ores of the 
country arc, after roasting, reduced to a still smaller size ; the ore in the 
Cleveland district is, on the contrary, charged into the furnaces in blocks 
from 4 to 6 inches cube. These large masses can, however, be only used 
in furnaces of great height, in which, by the slow descent of the charges, 
sufficient time is allowed for the complete permeation of heat through 
them, while their size allows a free passage for the upward current of 
gases. Smaller i)ieces, although exposing a larger surface to the action 
of the reducing gases of the furnace, pack more closely together, and 
consequently offer greater resistance to the blast. The ores may be 
broken either by manual labour or by machinery, but there are now but 
few localities where the older methods of breaking can be advantageously 
employed, unless hand-picking, for the removal of siliceous gangue or 
of some injurious associated mineral, is at the same time resorted to. 
Various contrivances are employed for the reduction of iron ore to frag- 
ments of a size suitable for the blast-furnace, but of these the well-known 
Blake’s stone-breaker is most generally used. 

A machine of this description, with crank-shaft making from 200 to 
250 revolutions per minute, and having jaws 20 inches in depth and 
from 9 to 10 inches in width, will, w'ith an expenditure of 15-horse 
power, crush from 10 to 12 tons of hard red haematite per hour into 
fragments containing, on an average, 4 cubic inches. 

The corners of the movable jaw are liable to become worn or broken 
off by use, and the crushing-faces are therefore so made as to admit of 
being readily replaced in case of accident or when worn out. The most 
serviceable material for the crushing-surfaces is obtained by the use of a 
mixture of mottled cast-iron and franklinite spiegeleisen cast in chills. 
Softer ores require proportionately less power ; from 3 to 4-horse power 
is sufficient for spathic ores and limestone. 

At Eisenerz in Styria, crushing -rolls, somewhat similar to those 
employed in Cornwall for crushing copper ores, are used for the reduc- 
tion of ironstone to a suitable size for the furnace. These are chiefly 
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made use of for breaking ores which have been previously roasted, and 
appear to be very efficient for this purpose. 

A pair of such rolls, set at a distance of 1 J inch apart and provided 
with springs to prevent breakage, in case of hard pieces of raw ore 
being introduced, will, with an expenditure of about 20-horse power, 
reduce 40 tons per hour of roasted spathic ores to a size suitable for 
the furnace. In order to do this, the rolls make about 36 revolutions 
per minute, and the ore, when introduced in fragments of from 20 to 
30 cubic inches, is delivered at a maximum size of from 4 to 5 cubic 
inches. By slightly reducing the distance between the rolls, and increas- 
ing their speed to 42 revolutions per minute, from 60 to 70 tons of 
calcined ore may be broken per hour with an exj^enditure of about 
24-horse power. 

Tilt-hammers and stamps are used for breaking and crushing magnetic 
ores in Sweden and in the Adirondack district in New York, but these 
are mostly survivals of antiquated establishments. 

Weathering of Iron Ores. — The argillaceous nodular ironstones of 
the Coal-measures is often contaminated with fragments of adhering 
shale, which, when first raised, are not readily separated, but by exposure 
to atmospheric influences oxidation and exfoliation are induced, and the 
removal of the associated rock becomes easy. Ores also which contain 
sulphides, such as iron or copper pyrites, when exposed to air and mois- 
ture, become gradually purified by the formation of soluble sulphates, 
which are finally, to a great extent, removed by rain. This process of 
weathering iron ores with a view to the removal of sulphur in the 
form of sulphates is much more effective when applied to them after 
roasting, and this method of treatment is consequently most frequently 
adopted. 

When spathic ores are subj(*cted to weathering in their raw state, the 
oxidation of sulphides and the removal of the resulting sulphates is 
usually accelerated, during dry weather, by lixiviating the heaps with 
water, and also by occasionally turning them over so as to expose fresh 
surfaces. Hard siliceous ores are, in the Harz, subjected to this treat- 
ment for several years before being .smelted, but it is evident that this 
could only be carried on in the case of works of limited capacity, since, 
for a large establishment, the amount of ground which would be thus 
occupied would be so great as to render the operation practically impos- 
sible. 

Spathose ores, when thus treated, experience at the same time a super- 
ficial transformation into brown haematite, and the same change takes 
place, to a more limited extent, with nodules of clay ironstone, more 
particularly when carbonaceous matter is not present, or when its amount 
is very small. 

It is, however, important that care should be taken that the weather- 
ing of the ores be not carried too far, as they would then be liable to fall 
into powder, and become unfitted for treatment in the blast-furnace. 
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Ores containing much calcium carbonate cannot be subjected to a pro- 
longed weathering after calcination^ since the slaking of the lime produced 
during the process of roasting would lead to the disintegration and 
crumbling of the ore. 

In some of the smaller iron- works in Germany siliceous haematites and 
magnetites containing pyrites are, after crushing and washing, exposed 
to the air for a period of from two to three years, in heaps of about three 
feet in height, and are, during that time, repeatedly washed with water. 
After being thus treated, they are again passed through the crusher, and 
lixiviated with water during the whole of the following summer. At 
Altenau, ores of this class are, after roasting, exposed for one year to the 
action of the rain and air before smelting. 

Carbonate of calcium in such ores is, however, a great obstacle to the 
removal of the sulf)hur by lixiviation after roasting, since the caustic 
lime formed decomposes the soluble sulphates of iron and copper, causing 
those metals to be deposited in the form of hydrated oxides, with forma- 
tion of calcium sulphate or gypsum. Calcium sulphate, although, to a 
certain extent, soluble in water, is much less so than the corresponding 
salts of iron or copper, and, consequently, the sulphur is removed with 
difficulty; under these circumstances any copper which may be present is 
retained by the roasted ore. 

The removal of phob]»horic acid from roasted ores by hydrochloric 
acid has been attempted, but without success ; at Kladno, in Bohemia, 
sulphurous anhydride wa^ emjdoyed for the same purpose, and the results 
are stated to have been satisfactory ; but since the introduction of the 
Thomas and Gilchrist process such treatment has become unnecessary. 

Roasting or Calcination of Iron Ores. — All iron ores, with the 
exception of certain varieties of magnetite and massive red haematites, 
are usually subjected to a process of roasting or calcination before being 
taken to the snielting-furnace. By this treatment water, carbonic anhy- 
dride, and other volatile matters are exjxjlled, and, as the fragments of ore 
retain very nearly their original size and form, they thereby acquire a 
degree of porosity which materially facilitates the changes which they 
subsc(]nently undergo in the furnace. The roasting of iron ores has also 
the elfect of decompo.^ing metallic sulphides, such as iron pyrites, the 
whole of the sulphur being ultimately expelled, if the temperature be 
sufficiently high ; the metal remaining as an oxide. Ferrous compounds, 
such as spathic ores, absorb oxygen, chiefly with production of magne- 
tic oxide, but when magnetite is itself subjected to calcination it often 
becomes externally covered with a coating of peroxide. This action of 
oxygen, although resulting in a greater exj^nditure of fuel for the 
reduction of the iron to the metallic state, has an important practical 
advantage, since ferric oxide is much more indifferent to the action of 
silica at high temperatures than is ferrous oxide ; the latter, under such 
conditions, forming with it a highly basic slag, from which metallic iron 
can only be obtained with difficulty. 
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Tlie roasting of iron ores is effected either in clamps or open heaps, in 
heaps within walled enclosures, or in furnaces or kihis. 

Jioasting in Open Heaps . — This method is principally resorted to in 
localities in which fuel, as compared with the price of labour, is cheap, 
but it has the disadvantage of not only uselessly consuming a large 
amount of wood or coal, but, from the imperfect distribution of the heat, 
the interior of a pile is often fused into a conijiact mass before other 
portions are sufficiently roasted. 

At Kbnigshutte, in the Ilarz, calcareous iron ores are roasted during 
from eight to fourteen days in heaps of the shape of a truncated pyramid, 
60 feet square at the base, and 9 feet in heiglit. 

The floor on which tliese are built is made of slag, upon which is laid 
a bed of ironstone 6 inches thick, on which a stratum of small coal of 
the same thickness is placed. Alternate layers of ironstone and coal are 
then added, in such a way that towards the top the thickness of the layers 
of ore is increased to 10 inches, while that of the coal decreases to 3 
inches. One cubic foot of small coal is required to roast 3 cubic feet 
of ironstone. 

Blackband ores are generally roasted without any addition of fuel, as 
they usually contain a sufficient amount of combustible matter to burn by 
themselves when once fairly lighted. Some varieties of blackband re- 
quire a small addition of fuel, but in the case of such ores their roasting 
is much facilitated by removing the smaller fragments by screening. 

The blackband ores of Hasslinghausen, in AVestphalia, contain from 
15 to 30 j)er cent, of carbon, and are roasted, without addition of fuel, in 
heaps three feet in heiglit, and of any convenient length and breadth. At 
Ileinrichshutte similar ores are roasted during from one to three months, 
in heaps 10 to 15 feet in height, 20 to 30 feet in Ineadth at the base, 
and of varying lengths. Ores containing a large percentage of carbon 
are calcined in larger fragments than those which are comparatively }>oor 
in combustible matter. 

Ironstone very rich in carbon should, in order to prevent caking, 
be calcined in hea])S not exceeding 3 fecit in height, whilst ores poor 
in coaly matter may bcj roasted in heaps of much greater height. In 
order to ignite these heajis, they are either surrounded by a channel tilled 
with wood, or holes are left in them at regular distances, which arc either 
filled with wood or with glowing iron ore from a heap already in process 
of calcination. The regulation of the temperature of open heaps is some- 
what difficult to manage, and, consequently, a partial fusion of the ore 
sometimes takes place, whilst at others the roasting is not complete in 
certain portions of the pile. 

To prevent this irregularity in the results obtained, the following 
arrangement is adopted in some parts of Westphalia. Heaps 120 feet 
long, 30 feet broad, and 4 feet high are enclosed between wdls built of 
the larger pieces of ore, small openings being left at intervals of about 
12 feet along the sides. The.se draught-holes communicate with pas- 
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^ges in the interior of the heap, filled with wood. The larger blocks 
arc placed along these passages, whilst the finer ore is piled against their 
sides in order to admit the flame as mnch as possible into the interior of 
the heap. After the pile has become fully ignited, the surrounding 
wall of ore is taken down and thrown upon places in which the fire may 
exhibit a tendency to come too quickly to the surface. A heap of the 
above dimensions will contain about 17,000 cubic feet of ore, and usually 
takes a month to burn completely out. 

Ores containing a large amount of coaly matter and pyrites are very 
liable to become so highly heated that the fragments near the middle of 
the heap become fused into large masses. To avoid this caking, such 
ores are, in Westphalia, roasted in heaps only 2 feet in height, and, 
when this has burned out, but before it has cooled, a similar layer is 
placed upon the first ; in some cases a third is added after the second has 
burned out. 

As the presence of reducing gases tends to prevent the complete 
oxidation of sulphur, Grundmann recommends that the heaps, when they 
contain much pyrites, should be covered with a coating of small ore in 
order to condense the sulphur volatilized without oxidation. This coating 
is afterwards carefully taken off ; the sulphates remaining in the heaps 
being removed by long-continued exposure to air and occasional watering. 
He also recommends piling the blocks of ironstone with their planes of 
stratification in a vertical position, to facilitate the escape of sulphur ; 
since the pyrites contained in such ores is usually found interlaminated 
between the divisional planes. 

In South Wales and Staffordshire the calcination of ironstone in 
clamps is generally effected as follows : — A bed of coal, a few inches in 
tliickness, is spread upon the level surface of the ground, and covered 
with a layer of ore about 1 foot in depth ; this is followed by fresh layers 
of coal and ironstone, until the height of the pile has reached from 4 to 
5 feet. It is then lighted at bottom, and continues to burn until the 
whole of the fuel has been consumed. Should the fire in any part of 
the heap come too rapidly to the surface, it must be damped with some 
ore or ashes, in order to prevent a partial fusion of the mass ; the 
loss in w'eight varies from 28 to 33 per cent., and about 2 cwts. of 
small coal and h cwt. of largo coal are consumed for each ton of ore 
roasted. 

In Staffordshire and Scotland blackband ironstone is calcined in piles 
which have generally a trapezoidal form, and vary from 3 to 9 feet iu 
height. In order to avoid the production of too high a temperature the 
smaller heaps are to bo preferred for ores containing a large proportion 
of combustible matter. The spathic carbonates of South Wales, locally 
known as “ coal brasses,’’ are particularly liable to become fused during 
the process of calcination, and should consequently be roasted in heaps of 
very moderate dimensions. 

Roasting between Jf^alls.— V>y roasting within walled are^, the 



igo ELEMENTS OP METALLURGY. 

draught, and consequently the temperature, can be more easily regulated 
than in heaps not so protected; a better calcination is also eifected 
vrith a smaller expenditure of fuel. The expense of both fuel and 
labour is, however, greater than in kiln-roasting, and the results ob- 
tained are less constant and uniform. Three sides of a square, or rect- 
angular area, are usually enclosed within walls, of which the height may 
vary from 6 to 12 feet, according to the nature of the ores to be calcined, 
and the floor is in such cases more or less inclined. Two ranges of 
draught-holes, about 4 inches square, are left in these walls at regular 
intervals, the lower series being close to the ground and the upper row 
about 3 feet above them. When the enclosed area is very large it is pro- 
vided with air-shafts, which are made by building up large masses of ore, 
so as to form chimneys in the interior of the heap, to which air has access 
through a system of flues formed on the floor. These flues are sometimes 
replaced by a layer of wood, so arranged as to admit of a circulation of air 
to the chimneys. This metliod of roasting is not employed in this country, 
but is practised to some extent in the Harz, where clay ironstone is cal- 
cined with an expenditure of from 6 to 8 per cent of charcoal-dust or 
breeze. 

Roasting in Furnaces nr Kilns . — This method of calcination is gene- 
rally to be preferred to the ruder processes before described, since it is 
not only more economical as regards the consumption of fuel, but the 
temperature is also more completely under control ; the product obtained 
is consequently of a more uniform character. The furnaces or kilns are 
generally so constructed as to allow of the operation being carried on 
continuously, the raw ironstone being introduced at the top, while tlie 
calcined ore is withdrawn from the bottom. The construction of the 
kilns employed for this pur^wse varies considerably in different districts, 
but the principle of working is, with but few exceptions, everywhere the 
same. A layer of fuel is first placed at the bottom, and this is covered 
with layers of ore and fuel alternately, until the internal cavity of the 
apparatus has been filled to the top. The ore, as it becomes roasted, is 
withdrawn at the bottom, where air is admitted, and the next layer 
descends to take its place, the deficiency l>eing made good by fresli 
charges of ore and fuel at the top. In exceptional cases, the heat is sup- 
plied by fuel burned in side-grates, in such a way that the flame and heated 
gases only have access to the interior of the kiln. In Sweden, instead 
of using solid fuel, the roasting of iron ores is frequently efiectod by heat 
developed by the combustion of waste gases from the blast-furnace. 

Kilns of moderate size are usually node either of a cylindrical or 
conical form, but very large ones have generally either a flattened, 
elliptical, or rectangular horizontal section ; the comers in the latter 
case being rounded off In large kilns with a circular horizontal section 
it is found difficult to maintain a uniform temperature, and the ore in 
the centre is consequently liable to agglomerate from becoming too highly 
heated. 
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At the mines of Gollrath, near Mariazell, Styria, the ores chiefly 
consist of undecomposed spathic ironstone, with small quantities of 
brown heematite, resulting from the decomposition and oxidation of car- 
bonate of iron. The calcination of these ores takes place in con- 
tinuously working kilns, in which coal-dust, which could not otherwise 
be utilized, is the fuel employed. The form and dimensions of the fur- 
naces employed vary in accordance with the nature of the ores to he 
treated, lump ore being generally roasted in round kilns, 9 feet in dia- 
meter and 1 1 feet in height. The finer ores are, on the contrary, roasted 
in a large furnace, 80 feet in length and 35 feet in width, of which flgs. 
38, 39, and 40 represent a longitudinal, horizontal, and transverse section 
respectively. 



Fig. 38.— Roasting- Kiln, St^ria ; longitudinal section. 


The complicated system of air-holes shown in the drawings is neces- 
sary on account of the comparatively fine state of division of the ores, 
which interferes wdth the draught, and tends to prevent the regular calci- 
nation of the ironstone. This apparatus is charged with alternate layers 
of coal-dust and ore, in the proportion of 12 to 15 tubs, of cubic feet 
each, of the former, to about 500 cwts. of the latter ; these proportions 
are, however, more or less varied according to the "working of the ore. 
The roasted ironstone is withdrawn from the kilns every six hours, care 
being taken not to remove any fragments that may not have become 
thoroughly red-hot. The calcined ore thus raked from the bottom of the 
kilns is slaked on the drawing tables, a, by means of water conveyed 
through pipes for that purpose, and issuing from perforated roses, h. 
The excess of water employed, passing through gratings, c, escapes by 
the gutters, d. 

After being thus slaked, the ore is weathered during from four to six 
years, and is periodically watered in order to remove the soluble salts 
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formed. The average expenditure of fuel is at the rate of 0*23 of a cubic 
foot of coal-dust per cwt. of ore roasted, and tlie loss of weight experienced 
amounts to about 22 per cent. 

At Altenberg six continuously working circular kilns, eacli 9 feet in 
internal diameter, and having a total depth of 10 feet 5 inches, are found 
sufficient to supply the tljree blast-furnaces at Xeuherg. These kilns aie 
provided witli step grates, as shown in fig. 41, which lepresents a vertical 



Fig 41. — Ro.i&ting Kiln, Altenberg , \citii..il section. 


section of one of tlnun by a jilane J)a'>^ing through the centre of the grate. 
The inasoniy, a, is of ordinary rubble-work, but the interior of the kiln 
In provided with a refractory lining, b ; the grate, e, is of cast iron, and the 
bottom, cf, is composed of plates of the same material. 

The ores roasted contain from 5 to 6 per cent, of magnesia, and are 
exposed for several years to the action of the atmosphere without lixivia- 
tion. From 23 to 24 per cent, of their weight is lost in roasting; about 
0*35 of a cubic foot of charcoal-dust is employed per cwt. of ore roasted. 

At the Dowlais Iron-Works, in South Wales, the kilns used have a 
rectangular form with rounded ends ; the width at top being 9 feet, and at 
bottom 2 feet; their length is 20 feet, and their height 18 feet. Fig. 42 is a 
front elevation, lig. 43 a longitudinal section, and fig. 44 a transverse sec- 
tion of one of these kilns, as given by Truran. The floor consists of cast- 
iron plates 2 inches in thickness, and the interior is lined with fire-bricks ; 
in front are two splayed arches extending backwards to the refractory lining 
of the kiln, and in each of these are two rectangular openings, a, on the floor- 
level, through which the calcined ore is withdrawn previous to being 
filled into barrows or waggons for conveyance to the furnace. Above 
these openings is a scries of apertures, by employed for the purpose of 
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regulating the drauglit. The top edge of the kiln is covered by a flanged 
cast-iron ring, r?, which protects it from abrasion during the process of 
filling. The operation of calcining in these kilns is conducted -in tlie 
following way : — Two or three coal fires having been lit on the floor, 




Fig. 43.— -Roasting-Kiln, Dowlais ; longitudinal Hcction. 

raw ironstone is placed on top and around them, until tlie whole floor 
is covered with ironstone at a dull red heat ; a fresh layer of ironstone, 
about 9 inches in thickness, is then added, mixed with about 5 per cent, 
in weight of small coal, and as soon as this stratum lias become heated to 
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redness another is added. This addition of fresh layers of raw ironstone 
and small coal is repeated as fast as the previous layers become heated to 
the requisite temperature. In this way the kiln is filled to the top, and 
by the time this has been done the lower portions, which were first 
icrnited, will have become sufficiently calcined for drawing ; fresh charges 
are thus added at top, so as to occupy the space left by the sinking of the 



Fig. 44.— Roastiiig'Kiln, Dowlais ; tnmsverse section. 


mass on the in^side, caused by the daily withdrawal of calcined ore from 
the bottom. 

The capacity of a kiln of the dimensions given is about 70 tons, and 
the amount of ore calcined weekly amounts to 146 tons ; the consumption 
of small coal is at the rate of 1 cwt. per ton of ore calcined, whereas, in 
clamps, 2 cwts. of small and J cwt. of large coal are required to do the 
same amount of work. 

Welsh argillaceous ores generally lose 27 cent, of their weight by 
calcination ; blackbaiid ironstone from 40 to 60 per cent. ; red haematite 
about 6 per cent. ; and Cornish, Devonshire, and similar brown haematites 
from 12 to 14 per cent. 

In the Cleveland district Gjers’ calcining -kilns are extensively em- 
ployed. Fig. 45 is in part an elevation and in part a section of this kiln, 
which consists of a body or shell of fire-bricks only 14 inches in thick, 
ness, cased externally with wrought-iron plates. The interior diameter, 
at top, is, in the older kilns, 18 feet j at the boshes, or widest part, 
forming the junction of the two truncated cones, 20 feet; and at the 
bottom 14 feet; the horizontal section is everywhere circular. The 
bottom of tho brickwork rests on a cast-iron ring, a, 4 inches in thick- 
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ness, which is supported by cast-iron pillars, each 27 inches in heiglit ; 
thus leaving an open space between the bottom of the kiln and the floor. 
The floor is covered by iron plates c, 2i inches in thickness, cast in seg- 
ments, and carrying, in the centre, the cone, d, 8 feet in diameter at the 
base, and 8 feet in height. The total depth from the filling-gallery, e, to 
the foundation-plate, c, is 24 feet, and its internal capacity is 5,500 cubic 
feet. As in the kilns of South AVales, the amount of fuel required 
amounts to about 5 per cent, of the weight of ore calcined. The roasted 
ore is drawn through the openings between the pillars, ami is directed out- 
wards by the slope of the cential cone. The height of the newer kilns 



Fijf. 45 — Ojtrs’ Calcining Kiln , one-half in section 


of this description is 33 feet, the diameter 24 feet, and the cubic capacity 
8,000 feet. Such a kiln is capable of calcining 800 tons of iron ore per 
week, and will bum 24 to 25 tons with one ton of small coal. Around 
the lower tier of plates are a number of openings, /, ordinarily closed 
with doors, which arc occasionally useful in cas(* of the stone becom- 
ing agglomerated. A double roadway jiasses over all the kilns, with 
a gangw’ay between and outside the two roads. 


IRON. 


197 


Gas Calcining-Kilns , — The use of the waste gases of the blast-furnace, 
instead of solid fuel, for calcining iron ores, is restricted to a very few 
localities in Styria and Sweden. The Styrian kilns are of two kinds. 
Those on Fillafer’s principle, intended for ore in lumps, have upright 
rectangular stacks, each 8f feet high, 4| feet long, and 1| feet broad, with 
a capacity of 70 cubic feet. The stack is covered with a dome and chimney 
for carrying off the volatile products. The ore is charged through a door 
near the top, and drawn at the bottom by an inclined plane faced with 
cast-iron plates. The gas is introduced through a number of rectan- 
gular slits in the wall of the stack, wliere it mixes witli air introduced 
through other apertures of the same kind. Twelve kilns are required 
for one blast-furnace. They are built in series of six back to back, and 
£ire often at such a height tliat their tops are level with that of the 
furnace. About 40 tons are calcined by such a set of kilns in twenty- 
four hours. 

Moser’s kiln for calcining small and wet spathic ores has a bed from 
4 to 5 feet wide, and from 15 to 18 feet long, under a low arched roof 
inclined about 20“ from the horizontal. This is filled with flame from 
a series of gas-jets in the roof at the lower end, while the ore is intro- 
duced at the upper end of the bed, whose slope is just sufficient to allow 
the charge to rest, except when calcined ore is drawn out at the bottom. 
This kiln was originally intended for drying the ore only, but has been 
found to produce perfect calcination when properly regulated. About 
15 tons of ore may be dried, or 7| tons calcined, in twenty-four hours. 

Westmaii’s gas-kiln, which is used extensively in Sweden for calcining 
magnetic ores, has a circular stack, somewhat like the upper part of a 
blast-furnace, built of fire-])rick, with an outer casing of red brick hooped 
with wrought-iron. The largest size is about 18 feet high, 6 feet in 
diameter above, and 10 feet below. The base of the kiln is a low 
pyramid of from 5 to 8 faces, which leads the calcined ore outwards to 
the drawing-arches, which are faced with cast-iron plates and closed with 
iron doors. The gas is introduced from a ring main encircling the lower 
part of the stack, through a series of passages or burners of which the 
number is double that of the drawing-passages, air being supplied through 
jmrallel passages above. In addition to these there are two rows of 
stoking-holes in the stack for introducing bars in case of the charges 
hanging in the furnace. The top of the kiln is closed with iron plates 
having a central counterpoised trap-door for charging. The volatile pro- 
ducts are carried off* by four parallel sheet-iron chimneys about 12 feet 
high. The descent of the charge is regulated by the removal of the cal- 
cined ore, which is drawn nt short intervals from each passage in succes- 
sion. Unlike the ordinary practice of working, a strong clotting heat is 
used in order to decompose any iron pyrites included in the ore. The 
estimated consumption of furnace gas is about 10,000 cubic feet, corre- 
sponding to 160 or 180 lbs. of coal per ton of ore. About 5 tons of ore 
are drawn from each passage in twenty-four hours ; it is at a strong red 
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heat, and must be removed in iron waggons. In some instances air 
under pressure from the blowing-engine of the furnace has been used in 
these kilns as well as steam, to promote desulphurizing, but never with 
very marked success. 

Calcining-kilns may also be heated by gas prepared in special pio- 
ducers, but this plan is obviously disadvantageous so far as economy of 
heat is concerned, and is only valuable as a means of keeping the ore free 
from the ash of the fuel. On the latter account it is sometimes used in 
the construction of limekilns, where a very ]nire product is required. 

The calcination of iron ores is now almost entirely restricted to black- 
band, spathic, and other carbonates. Limonite and other h3'drated ores, 
although they contain a large proportion of water, are generally smelted 
as sucli, since many of them fall to powder when dehydrated, while such 
of them as contain sandstone and quartz are likely to form fusible silicates 
in the kiln, and under either condition tiieir value as a material for the 
smelter is considerably lessened. 

Elast-Furn ACE Slags. — The essential point of difference between the 
making of cast iron and of wroiight-iron at one operation from the ore, is 
the substitution of oxides of some one or more metals other than iron for 
the removal of the siliceous or earthy contents of the charge or burden 
of the furnace. These waste matteis are for the most part contained in 
the ore, but, in a less degree, tliey are also present in the ash of the fuel. 
For this jiurpose it is necessary to use some oxide which is not reducible 
by carbonic oxide alone, and the only oxides practically available that 
satisfy this condition are those of manganese, aluminium, magnesium, 
and calcium ; the latter, in the form of caustic lime or carbonate of lime, 
being of principal importance. The required oxide may be obtained by a 
judicious mixture of siliceous with calcareous ores, but in by far the 
greater number of instances limestone is added under the name of fliix 
or fluxing stone. 

The value of limestone for fluxing purposes depends almost entirely o;i 
its freedom from foreign matters, especially silica, refractory silicates, and 
metallic sulplndes, as its chief functions are the removal of silica and 
sulphur from the ores. Theoretically, pure carbonate of calcium contfiins 
56 per cent, of lime, so that for every 100 parts of lime required at least 
179 parts of limestone must be used. This fluxing power is very rapidly 
deteriorated by even a small amount of silica. Thus, supposing 35 parts 
of silica to require 100 of limestone, considered as pure carbonate, the 
equivalent quantity would be increased to 1*21 parts, supposing the stone 
to contain only 5 per cent, of silica. 

Magnesia when present in limestone in the form of dolomite is of 
value in special cases for the manufacture of forge and manganiferous pig, 
but is objectionable for smelting foundry-iron. The use of dolomite is 
therefore generally avoided, even when the works are favourably situated 
for obtaining it, and pure limestone has to be brought from a distance. 

In the United Kingdom good fluxing limestones are common in many 
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geological formations. Among these the most important arc the Silurian 
limestones of Dudley used in South Staffordshire, the Carboniferous 
limestones of Northern and Central England, and North and South 
Wales, which not only supply the furnaces in their immediate neigh- 
bourhood, but are largely exported to other districts, such as Cleveland 
and Staffordshire. 

Shelly oolitic limestones are used in the furnaces of Northamptonshire 
and the adjacent counties, and chalk in those of Wiltshire ; Devonian 
liniestono in tlie Liege district, and crystalline limestone from the older 
formations in Sweden and the United States. In strong contrast to the 
latter is the use as flux at NeAvark, New Jersey, of oyster-shells, which 
are collected from the New York eating-houses. 

Another important function of limestone flux is the removal of 
sulphur, contained in the ore or fuel, as sulphide of calcium, which passes 
into the slag. The same property is possessed by oxide of manganese, 
Avhich forms an irreducible sulphide of manganese in the slag. Magnesia, 
on the other hand, has no power of absorbing sulphur. 

In the less freriuent condition of ores that contain an excess of earthy 
bases, such as the spathic ores of Styria and the oolitic ores of Lincoln- 
shire, it is necessary, when siliceous mixing ores cannot be got, to add 
silica and alumina in the form of clay -slate or shale. The average 
composition of the latter is ; — 

BiOj. AljOj,. FCi.()i,FeO. CaO.MgO. Alkalies. Volatile. 

60 19 8 3 2 8 

Alumina alone may be supj)lied in the form of bauxite or aluminous 
non ore. The most advantageous manner of supplying silica to calcareous 
ores is as ferrous silicate in the form of forge-cinder, the iron being re- 
covered simultaneously. Tins is now done in Styria instead of using 
schist fluxes, as the cinder obtainable is very pure. 

The use of caustic lime instead of limestone has been proiiosed and 
tried several times, but the saving of fuel which was expected by relieving 
the furnace from the duty of decomposing the carbonate lias not been 
realized. This is ])artly due to the circumstance that, under particular 
conditions of temperature and pressure, carbonic acid may to some extent 
be re-absorbed by the caustic lime in the upper regions of the furnace, and 
the carbonate so formed has to he decomposed with a fresh expenditure 
of heat before actual fluxing commeuce.s. 

The use of fluxes iii the blast-furnace is regulated by several eon- 
ilitious. Where the ores are of high quality and charcoal is used as 
fuel, the additions may be so proportioned as to give a minimum of 
slag, and that of tlio most readily fusible composition, so as to ecouomizc 
fuel. This, however, can only be realized in making white forge-iron 
with a minimum of silicon and graphitic carbon, and is usually accom- 
panied with the scorification of some of the metallic contents (iron and 
manganese) in the ore. With the same fuel, tlierefore, when grey- 
iron is required, the slag must not only be made more refractory, but its 



200 


ELEMENTS OP METALLUKGY. 


volume must be increased above that required by the condition of 
minimum fluxing, in order tliat the reduced iron may have time to take 
up tlie necessary metalloids before it is finally melted and collected in 
the hearth. AVith mineral fuel, for ores of e(jual yield, the amount of 
slag is further increased by the necessity of fluxing a larger quantity of 
a>li, 8 to 15 per cent, as against 2 to 3 per cent, in charcoal, as well as 
by tliat of preventing the sulplmr (about 0-5 to 0 8 per cent.) from com- 
bining with the reduced iron, for which purpose manganous oxide or 
lime, preferably the latter, must be present, in sufficient quantity above 
that required for fluxing silica, to form MnS or CaS. A further con- 
dition, however, is that these sulphides must not amount to more than 
a small proportion (3 to 4 per cent.) of the total weight of the slags, and 
they must also be kept as free from iron as possible. The rule requiring 
the slags to be more refractory for grey- than for white-iron applies as well 
to smelting with coke as with charcoal. From the above considerations 
it may be readily understood that charcoal-furnace slags are more siliceous 
tlian those of coke furnaces for metal of the same quality, and that the 
former may be rendered more refractor}^ b}" augmenting tlie proportion 
of silica, and the latter that of the bas(*s. 

The silicates constituting blast furnace slags may be regarded as rang- 
ing between the limits indicated in the following formulae : — 

2R0.3Si0.j or bisilicates with about 60 per cent. SiOj. 
lOKO.SSiOj or six-tenth silicates „ yO „ 

The nature of the bases is not considered ; R( ) including both protoxide 
and sesquioxide bases. 

The greater number of coke-furnace slags approximate to unisili- 
cates (2RO.SiC).j), with the oxygen coefficient ranging from about 0*85 
up to 1*25. The corresponding variations in the jirincipal constituents 
are — 

SiOo 35-40, AbOa 10-20, CaO 30-40, MgO 0 T'.'i per cent 
Charcoal-furnace slags are more .siliceous, and approximate mainly to 
bisilicates (KO.SiO.j); their oxygen coefficients ranging between 1*25 to 
2*25 ; exceptionally they g<j as liigh as trisilicates with the oxyg(*n 
coefficient 2*75 to 3*25. 

The heat required for fusing hla.st-furnace shags has been elaborately 
investigated by Akerman, who has determined, by means of a calorimeter, 
the actual amount rjf heat retained at the moment of solidification, both 
in ordinary slag^ and in mixtures of silicates of known composition. The 
average thermal requirement for fusion in 74 slags was 388 units ; the 
extremes being 340 units for the most fusible, which was produced from 
spathic ore at Vordernberg in Styria, and 463 for the most refractory, 
a very magnesian slag smelted from titaniferous ore at Lindefors in 
♦Sweden. The complete analysis of these slags is as follows : — 



810, 

TiO,. 

AUO, 

Mk<> 

MnO. 

FeO. 

CaO. 

Oxygen. 

Coefficient 

Lindefors 

. 39*20 

800 

9-59 

27*25 

0*53 

1*54 

12*65 

1*08 

Vordernberg 

. 4290 


9 97 

12*00 

7*32 

0*77 

26*85 

1*21 
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The inellin^-pdiuts of slab's are supposed to ran^e between about 
1,100^ or 1,200^ for the most fusible, to 1,500'' C., for the most 
refractory ; but tliese figures are only approximations deduced from cal- 
culations, and depend upon assumed values for tlie specific heat. 

The following examples of mixtures intended to produce slags of de- 
finite ])roperties arc taken from l)e Yathaire’s work ; ^ they refer to fur- 
naces burning coke or coal : — 


For vkky (tRAPhitic Iron.— No 1 Foundry or Bessemer. 


1 

2 . 

‘A 

4. 5. 6 

7 8 


10 

SiOo 3‘J 

38 

37 

3G 36 36 

86 37 

38 

38 

AI..O3 10 

12 

14 

16 17 19 

20 21 

22 

23 

CaO 51 

50 

49 

48 47 44 

45 42 

40 

39 

Nos. 1~3 are 

ultra-calcareous, 4-7 ultra-basic, and 

8-10 

ultra- 


aluminous. The latter will give the most siliceous iron, and are best 


suited for pure ores or sucli as contain fusible earthy matters. 


11. 


12 

13 34 

15 16. 37 

18 


IS 

20 

SiCo 38 


37 

36 35 

34 34 35 

36 


36 

37 

AloOa 10 


12 

14 16 

18 19 20 

21 


22 

24 

CuO 42 


41 

40 39 

38 37 35 

33 


31 

29 

MgO 10 


10 

10 10 

10 10 10 

10 


10 

10 

Nos. 11-20 are similar to the preceding series, ten units of 

magnesia 

being substituted 

for 

an equal 

amount of lime. 

This gives greater 

fluidity, while allowing 

the amount of silica to be reduced to 

a minimum. 




For No. 3 Foundry-Iron. 






21 


22 23 

24 25 26. 


27. 


28 


40 


39 38 

38 38 39 


39 


40 

AtjOa 

11 


13 16 

18 19 20 


21 


22 

CaO 

48 


47 4.-; 

43 42 41 


35 


37 

(Fe,Mn)0 

1 


1 1 

1 1 1 


1 


1 


These being inteiided for a heavier burden than the preceding 
mixtures, a certain amount of metallic oxide may be unreduced, w^hicli 
promotes fusibility. One unit of iron or manganese allows the burden to 
be raised 6 or 8 per cent, with the production of mottled iron. No. 21 
gives the maximum amount of lime permissible and No. 28 that of 
alumina. 

Fusible Mixture for White-Iron. 



29 

30. 

31 

32. 

33. 

34 

35. 

86. 

87 

SiO.> 

40 

39 

39 

38 

37 

38 

39 

40 

41 

AlaOs 

8 

10 

12 

13 

14 

15 

16 

17 

18 

(Ca,Mj^)0 

48 

47 

45 

45 

45 

43 

41 

39 

37 

(Fe,MiiK) 

4 

4 

4 

4 

4 

4 

4 

4 

4 

The mixtures in 

tlie first 

part of the above 

table give better carburized 


and desulphurized irons than the more aluminous ores at the end. The 
tendency of alumina to promote reduction of silica may be corrected by 
magnesia, or preferably by oxide of manganese. 

^ ‘ Construction et Conduite des Hunts Fourneaux,’ 1885. 
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For Manganifeuous Irons (Spiegel and Ferro-Manganese). 



88 . 

S9. 

40. 

41. 

42. 

48. 

44. 

45 . 

SiOo 

35 

36 

34 

33 

31 

29 

30 

31 

AI 2 O 3 

10 

8 

12 

13 

8 

12 

14 

12 

CaO 

45 

38 

36 

36 

37 

35 

33 

42 

MgO 


10 

10 

10 

8 

8 

8 


MnO 

10 

8 

8 

8 

15 

15 

15 

15 


Nos. 38-41 are for spiegeleisen, and Nos. 42-45 for ferro-iiiaiiganose. 
^lagnesia is used to diminish the proportion of silica and preserve the 
fusibility, and to save manganese oxide. Tiie amount of the latter base 
in the slag should not exceed 8 per cent, for high (20 per cent.) spiegcl ; 
with 70 per cent, ferro-manganese it may be about 15 per cent., and 
with 80 per cent, as much as 20 per cent. In the latter case the coke 
burnt is 50 cwts. per ton of metal. 

The proportion of sulphur in slags should not exceed about 2 per 
cent., corresponding to about 3*5 per cent of sulphide of calcium. 
According to Bell, about 94 per cent, of the total sulphur contents of the 
burden and fuel pa^s into the slag, and the remaining G per cent into the 
metal. Manganese oxide is also a powerful desulj)hurizer. This is wi ll 
seen in the manufacture of basic Bessemer or Thomas metal at Ihede, in 
Hanover, where the furnaces are burdened to produce a white-iron with 
a minimum of silicon ; but owing to the large amount of lnanganc^e in 
the ore it is practically free from sulphur. 

The slags produced on the large scale differ from those given in the 
mixtures by the addition of the alkalies in the charge, which are not 
usually taken into account in proportioning the ingredients. The follow- 
ing are a few typical examjde.s : — 

Anau^es of Bla.st-Furnace Slags. 



1. 

2. 

3. 

4 

5. 

6. 

7. 

8. 

9. 

10. 

SiOo . 

51*26 

3.') *80 

53 79 

46 37 

40 25 

38*18 

13*07 

39*52 

38 76 

27*68 

AU)3 . 

6*76 

1*20 

13*04 

4*30 

8*40 

15*13 

1 4 85 

15 11 

14 48 

22 28 

CaO . 

21*56 

2*14 

2.V67 

38*61 

15 50 

32*82 

28 92 

32 .52 

35 68 

10 12 

MgO . 

0*2S 

4*06 

0*.57 

7 40 

13*00 

7-44 

5*87 

3*49 

6*84 

7 27 

FeO . 

9*20 

21*16 

2*14 

0*9.5 

10*40 

0*76 

2*53 

2*02 

1*18 

0 80 

MnO . 

4*80 

29*64 

2*20 

1*86 , 

11*67 

I 1*62 

1 37 

2 89 

0*23 

0 20 

CaS . 




0*03* 

0*07 

I 2*22 

1*90 

2 15 

0 98 

2*00 

P2O5 . 




tiace 1 


0*15 





Alkalies 




0*45 1 


1-92 

1*84 

l*b6' 

1 11* 



99 86 

97*00 

1 

97-71 

1 

100*00 

99*29 

1 

\ 0 

1 2 

0 

0 

98*76 1 

j 99*26 

i 1 

1 

100*35 j 


Nos. 1, 2, 3, 4, and 5, from furnaces fed witli charcoal. N»;8. 1 and 
2. From Rothau ; Klasek. 3. From Kiibcland ; green and glas.sy ; fur- 
nace producing mottled iron ; Rammelsberg. 4. From Edsken, Sweden ; 
1 Sulphur. * Potwii. 
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producing Bessemer pig; Ullgren. 5. From Eisenerz, Styria; furnace 
heavily burdened for white-iron. 6. From Dowlais; produced when 
making grey-iron ; Riley. 7. From Dowlais ; produced with white-iron ; 
Riley. 8. From cold-blast furnace, working with coke, at Wednesbury 
Oak, Tipton, South Staffordshire; D. Forbes. 9. Hot-blast furnace, 
working with coke, near Dudley ; Percy. 10. Clarence, Durham ; pro- 
duced from Cleveland ores ; Bell. 

In general the slags produced in furnaces working with a light burden 
are either white or grey. This is caused by the almost complete reduc- 
tion and removal of the iron ; but when the ores contain manganese an 
amethystine tint may frequently be observed. This is particularly the 
case in charcoal furnaces smelting non-aluminous ores. 

A heavy burden and a comparatively reduced temperature, on the 
otlier hand, commonly give rise to black or very dark-coloured slags. 

The fluidity and vitreous character of slags, are, within certain limits, 
greater in i)roportion to the amount of silica present. Opalescent slags 
usually indicate the presence of a considerable amount of alumina. 

Slags containing sulpliides of calcium, barium, or manganese, such as 
are produced when sulphur is present in the ore or fuel, give off sulphu- 
retted hydrogen if allowed to flow over tlamp ground. If the slag be 
sufficiently hot to cause the ignition of this gas, it burns with the forma- 
tion of water and sulphurous anhydride ; if, however, on the contrary, 
sulphuretted hydrogen should escape without decomposition, its presence 
will at once be recognised by its odour. 

If a large quantity of lime be present, the slag has usually a dull, 
stony fracture, and when the amount becomes excessive, the cinder 
readily falls to pieces on exposure to a damp atmosphere. If ground with 
one-fourth tlieir weight of caustic lime, such slags form an excellent 
cement or mortar for building purposes. 

When a furnace is working with a light burden, the slags flow con- 
tinuously and steadily, and exhibit a somewliat viscid fluidit}", passing 
slowly from the liquid to the solid state. The scouring slags from a 
furnace working witli a lieavy burden, on the other hand, flow as freely 
as water, but become readily solidifled without passing through an inter- 
mediate state of plasticity. Ilsematites containing manganese produce 
slags exhibiting the usual amethystine tints characteristic of the presence 
of that metal ; but when blown into bubbles by escaping gases, this 
colour disappears, and they assume a pearly-white lustre, and pumice- 
like structure. When furnaces treating such ores are burdened so 
heavily as to afford white-iron, the slags become dark-green in colour. 

In addition to the green and black colours resulting from the presence 
of ferrous oxide, the amethystine tints produced by oxide of manganese 
and the yellow and brownish-green colourations due to sulphide of man- 
ganese, certain others, particularly shades of blue, are common in blast- 
furnace slags. Among these a light sky-blue tint, frequently seen in 
Swedish slags, has been variously attributed to the presence of vanadium 
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and titanium, but the nature of the colouring agent in such cases does 
not appear to have been satisfactorily determined. Very basic aluminous 
slags are sometimes speckled with blue from intermixed spinel crystals, 
which though very minute are of a deep sapphire blue colour. 

Various crystallized products have been found in blast-furnace slags, 
many of wliich are known as minerals, while others have not as yet been 
found in nature. Among these are various silicates of magnesium and 
calcium, such as enstatite (MgSiCb), wollastonite (CaSiO^), and augite 
(Ca,Mg)Si(V When the magnesia is less than one-third of the 
mixed bases in the latter formula, a hexagonal lime silicate, not known 
as a mineral, is found. In the unisilicate slags, low in alumina, sub- 
stances of the composition of olivine (R._.Si04) ‘^re common, tlie bases 
being lime, magnesia, and manganese oxide, the first predominating ; 
but wlien alumina forms a suitable proj)ortion, an unnamed tetragonal 
silicate, somewhat similar to idocrase, is produced. The most charac- 
teristic mineral of English slags which are more basic than unisilicates 
is melilite or humboldtite 12(R3Ig)().2AloOt.9Si(L. This occurs in 
S(iuare tabular or columnar crystals, often of considerable size, in almost 
every iron-making district, the best exam])les being found in the slags 
from cold-blast furnaces. Another tetragonal silicate, which is the mo&t 
basic of all, is gehlenite (3K0.AL03.2SiCL), found, but more rarely, in 
slags produced with a burden containing alumina and magnesia in 
notable quantity. I hicler the latter conditions a portion of these bases com- 
bine, forming Spinel, which is found in crystals diffused through those 
of melilite or gehlenite, and, in extreme cases, about one-half of the 
alumina in the charge may be so combined and take no ])art in fluxing 
silica. 

Sulphide.s of calcium and manganese are found mainly as j>roto- 
sulphides diffused through the mass of the crystallized silicates. It i? 
not quite certain, however, whether a higher sulidiidc of calcium may not 
sometimes be present. 

Disposal and UtiU'^aiiot) (ff Slags , — One of the most important points 
in blast-furnace economy is getting rid of the enormous quantity of slag 
})roduced, for which, as a rule, no Ur>eful ajqdication can be found. To 
some extent it is di.sposed of as railway ballast, and in countries defi- 
cient in stone, for road metal. In Belgium and Germany it is some- 
times slowly cooled in large masses, so as to promote the formation of 
crystals, with the result of producing a porphyritic substance which can 
be dressed up into paving setts. In Styrm slags are often granulated 
by allowing a jet of water to impinge upon the molten stream as it 
issues from the furnace. This produces a voluminous spongy sand, 
which is used for mixing with mortar, and lies conveniently in valleys 
for removal by the spring freshets from the mountains. In Cleveland 
and elsewhere the so-called silicate cotton or slag-wool is made by allow- 
ing steam to blow through the liquid cinder, which draws it out like 
spun glass. This lias been used to some extent as a non-conducting 
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covering for boilers and steam-pipes, but tlie manufacture is nut 
increasing. Granulated slag may also be made into excellent concrete 
and bricks with Portland cement, or with proper additions of lime, it may 
even be u&ed as the basis of the cement. For all uses, however, the 
amount consumed is trifling, and therefore the bulk of the cinder pro- 
duced has to be tipped to waste, the usual method adopted being to mould 
it into rectangular blocks, of from 2 to 5 tons weight, upon a cinder- 
waggon railway-truck, placed alongside the furnace, which, when filled, 
is drawn away by a locomotive, and, when solidified, thrown upon the 
waste heap. In America the custom of pouring the liquid cinder out 
upon the ground is now very often adopted. At the Fklgar-Thompson 
Works, near Pittsburg, the cinder is received in brick-lined tank- 
waggons, with a valve in the side, holding 10 tons. These, when filled, 
are drawn to a waste heap about half a mile from the furnaces ; the valve 
ii5 opened, and the liquid cinder runs out on the ground. By this 
arrangement le^s land is required for the cinder than u hen it is moulded 
into blocks before tipping. 

The Blast-Flrnace and its Accessories. 

Blast Furnace. — The blast-furnace, of which an early form is re- 
presented in fig. 46 in Aertical, and in fig. 47 in horizontal section 
through the hearth, consists of a shaft or cavity formed of two truncated 



F»g 46 —Blast-Furnace, Plymouth Ii on- Woiks , vertical section. 

cones joined together at their bases. The upper and deeper of these cones 
is known as the stuck or body. The opening at the top of the furnace is 
called the throat, and is often surmounted by a chimney, in which there 
are one or more openings for the couvenieiice of charging. The lower 
coue is known by the name of the boshes. The lowest division or heart b 
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is the straight-sided narrow portion below the bottom of the boshes. 
The broadest part, at the junction of the stack with the boshes, is known 
as the belly of the furnace. 

The hearth in the older forms of furnace is supported on a mass of 
masonry, in which channels are left open for the escape of any mois- 



Fig 47. —-Blast-Furnace, Plymouth Iron-Works ; borisontal section. 

ture which may be exjielled from tlie brickwork ; while, to keep the 
whole building perfectly dry, the foundations are traversed by arched 
galleries, which intersect each other at right anglo.s beneath the axis of 
the internal cavity of the furnace. In new furnaces t]i(*se elaborate sub- 
structures are generally abandoned, and the hearth l)ottom rests upon 
a bed of concrete, sunk in the ground. 

Three only of the sides of the hearth are continued to tlie bottom 
the fourth being merely brought to wdtliin a certain distance of the base, 
where it is supported by strong bearers of cast-iron, firmly fixed into the 
masonry of the walls, and on which rests a block of refractory material 
called the 

At a short distance beneath the tymp, and a little in advance of it, is 
placed the dam-stone, which has a prismatic form, and is securely fixed by 
a strong piece of cast-iron, whicli covers its outer side, and is known by 
the name of the dam-jflaie. 

At a short distance above the ground-level, passages for the introduc- 
tion of the blast are perforated through the walls of the hearth ; these 
are known as the tuyer-holes, and usually vary in number from two to six. 

The stack and boshes are circular in section throughout. The hearth, 
as seen in fig. 47, is square, but this construction is now entirely aban- 
doned in favour of the round form. 

Materials and Construction , — The different parts of a blast-furnace 
are of very unequal durability ; the hearth and boshes being subjected 
to a much more intense heat than the stack, are sooner worn out, and 
it is therefore necessary to build the furnace so that these lower portions 
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can be replaced without destroying the upper part. This is done by 
supporting the stack upon pillars of masonry connected by arches, as in 
figs. 46, 47, or, what is now more general, upon cast- or wrought-iron 
pillars or standards, so that the hearth may be freely approached all 
round. In such cases, the stack rests upon a heavy cast-iron ring, carried 
on the to}) of the pillars. The hearth may be built of fire-brick, or of any 
natural refractory material. Although the former is now more common, 
the latter is still used to some extent, as, for instance, in Styria, where 
the hearths of furnaces smelting white forge-iron are built of blocks of 
serpentine, set with a mortar of fire-clay and magnesite. In Sweden the 
hearth and boshes are often lined with a mixture of crushed quartz and 
fire-clay, rammed round a core, giving the required profile. When fire- 
bricks are used, they are made as large as can bo conveniently handled, 
the individual bricks being moulded in segments of the proper curvature 
of the ring. The thickness of the hearth wall is from 30 to 42 inches ; 
that of the stack, from 30 inches at the bottom to 2 feet at the top. 

Fire-bricks for blast furnaces require to be not only refractory, but to 
resist corrosion by slags, and must not wear too rapidly under the 
abrading action of the descending materials ; these requirements are best 
met by a brick that is not too fine in texture nor too purely siliceous. 
Tlie bricks in the liighest repute at the present time are those made on 
the Tyne, and in the West of Scotland at Garnkirk and Glenboig, which 
are now largely used in foreign as w’ell as in British iron-works. 

For the hearth bottom blocks of strong sandstone, such as the con- 
glomerates of the Millstone (rrit or New Ked Sandstone formations, are 
still used to some extent ; but generally two or more layers of heavy fire- 
bricks, 2 to 3 feet thick, upon a bed of sand are preferred. The bricks 
are laid as inverted arches, or with wedge-shaped joints, with tlie smaller 
ends upwards, so that they may not be lifted in the event of molten iron 
woiking through the joints. 

In an old furnace, such as that represented in figs. 46, 47, a heavy 
jiyramid of masonry, formed by the union of the stack pillars, encloses 
the furnace proper, a hollow space being left between the stack and 
easing walls, which is filled with broken bricks or slags to allow for 
change of shape by expansion in the inner wall; but in all modern 
furnaces the circular form is adopted, and the amount of casing to the 
stack proper is very much reduced. The progress of construction in this 
direction will be seen by a comparison of figs. 50, 51, 52, and 54. Tlie 
lighter furnaces are known as cvpola-fumaces. They are either strength- 
ened by numerous bands of wrought-iron, as in the woodcuts, held 
together by collars or screw-bolts, or are entirely cased with a jacket of 
wrought iron plates rivetted together, the latter construction being now 
very generally adopted. In all the examples given above, the casing 
■wall is thickened at the top to give support to tlie charging platform or 
gallery at the throat of the furnace, but in the iron-cased forms the 
overhanging weight is carried on brackets rivetted to the shell-plates. 



208 


ELEMENTS OF METALLUKGY. 


In Buttgenbacli s furnace, which was originally constructed at Neuss in 
Prussia, and has since been adopted to some extent in other places, 
tubular pillars of cast- or wrought-iron are used to support the furnace 
top, so that the stack being entirely relieved of weight, no outer wall 
])ecomes necessary, and it may be constructed of a single thickness of 
bricks. Fig. 54 is a section of a furnace of this kind erected at Anziiu 
The tubes that support the tunnel-head i)latforiu serve also as gas- 
collectors or down-comers. 

Protection of the Hearth and Boshes — In modern blast-furnaces blown 
with highly heated air, the corrosive action of the fluxes and cinder 
upon the bricks is so considerable that special means are required to pro- 
tect the lower part of the furnace. This is done by building into the 
brickwork of the hearth, at several levels, hollow cast- or wrought-iron 
boxes of the shape of the bricks, which are connected witli each other, 
and with a water main, so that a current of cold water may be maintained 
through them. Tliis chills a tliiii layer of slag upon the wail, and so 
protects it from being fluxed by the lime in descending. This class of 
construction is mainly used in furnaces smelting maiiganifcrous ores. In 
America a complete water casing or jacket is used in some cases to a 
height of 8 or 10 feet above the hearth bottom. The same effect is often 
obtained by keeping water flowing over the outride of the hearth w'all, 
and for the same reason it is now customary to use much thinner walls 
than formerly, two feet being considered a sufficient thickness for the 
liearth brickwork. 

The points of most active combustion, namely, those v Iktc the blast 
is introduced, are protected by the use of so-called watei-tiners, uhich 
aie cooled by a continuous circulation of water. Figs. 48, 49, are an 



Fig. 48.- Water-Tuyer; longitudinal scclion. 



Fig. 49.— Watci-Iuyer ; aide viow. 

example of a water- tuyer used in Staffordshire ; it may be made of 
wrought- or cast-iron, copper, or bronze. In Scotland the cooLng- water 
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is supplied by a wrought-iron pipe coiled round a conical mandrel, and 
enclosed in a mass of cast-iron. Lloyd^s spray-tuyer differs from the 
older forms in being open at the back, and the cooling-water is driven 
in the form of spray from the end of a perforated pipe against the port 
of the tuyer. This has the advantage over the closed tuyer of not being 
liable to block up with deposit when using water containing lime or 
much suspended matter. 

The tuyers, which are placed in the same horizontal plane, vary in 
number, according to the size of the furnace, from one or two in small 
charcoal stacks up to six or seven in the largest coke furnaces. When 
the number is large, they are usually laid with their axes pointing a little 
away from the centre line of the hearth. As a rule, they are horizontal, 
an inclined or plunging position being only adopted in the Styrian fur- 
nace, making white forge-pig with a minimum of carbon. 

When working with very refractory slags, as in smelting ferro-manga- 
nese, the hearth bottom sometimes rises by the accretion of infusible 
masses below the tuyers, and the life of the furnace may be jeopardized if 
means are not provided for blowing at a higher level. In such cases, 
therefore, a row of blank tuyer-openings are built into the furnace above 
those ordinarily used, so tliat, when necessary, the wall may he broken 
through and blast-nozzles introduced. These are generally known in 
England by the name of monlceij -tuyers. 

The under side of the arch, covering the fore-hearth^ is sometimes 
protected by a water-cooled casing which is known as the tymp. 

This covering of the fore-hearth, which is bounded in front by the 
dam, is called the tymp arch, and is, in large furnaces, protected by a 
casting, having within it a wrought-iron pipe through which a current of 
cold water is conducted, in order to protect the brickwork from intense 
heat and from the corrosive action of molten slag. 

A semicircular depression on the top edge of the dam, known as the 
cinder-notch, forms a passage for the slags, which are often moulded into 
largo blocks by being run into a shallow iron truck, provided with 
movable sides. When this cinder-tub has become full, it is removed and 
replaced by an empty one ; as soon as it has sufficiently cooled to become 
solidified, the block of slag, which, in some cases, weighs several tons, 
is lifted from the waggon and thrown on the cinder-heap. In small 
furnaces, and particularly in those in which charcoal is the fuel em- 
ployed, the front of the dam is formed into an inclined plane, or cinder- 
fall, on which the slag solidifies in thin layers, and may be readily 
removed by manual labour. In Staffordshire, slags are allowed to collect 
in a basin in the floor of the casting-house, called the roughing-hole, and 
when sufficiently consolidated are lifted, by means of a crane, upon a 
waggon and carried to the cinder-tip. 

The tap-hole for withdrawing the molten iron from the furnace is in 
the form of a narrow vertical slot passing through the dam and dam- plate, 
and extending from the bottom of the hearth to a height of about eighteen 

0 



210 


ELEMENTS OP METALLUBGY. 


inches above it This is easily stopped by a packing of sand tightly 
rammed into it, and remains closed during the filling of the hearth, but is 
readily penetrated by a pointed iron bar at the time of casting. 

Tlie space between the top of the dam and the tymp-arch is also 
closed either by sand or by a temporary wall of fire-brick and clay, a 
small passage for the escape of slag being alone left open. Sometimes 
the level of the dam is raised above that of the bottom of the tymp, 
causing the metal in the hearth to be covered by a bath of molten 
slag, from which a stream flows continuously, as the fore-hearth is not 
stopped. 

In many modern furnaces the open fore-hearth and dam are dispensed 
with, the hearth being closed all round, and a special tuyer provided for 
the removal of the slag. This, known as Lurman's slag-tuyer, is a water- 
tuyer of peculiar shape, with an aperture of about 2 inches diameter. 

On either side of the tymp, cast-iron plates with vertical notches are 
frequently placed for the purpose of affording support to the heavy tools 
employed in clearing tlie liearth, and for other operations connected with 
the routine of working the furnace. 

When the gases are allowed to bum freely at the throat of tlie furnace, 
it becomes necessary to provide a cliimney to carry the flame clear of the 
charging place. This, called the tunnel-head, consists of a cylinder of 
brickwork from 8 to 12 feet in height, varying in diameter with the 
size of the furnace ; it rests on the platform, and is strongly bound with 
wrought-iron. Wiien the gases are collected for the purpose of being 
employed as fuel, the arrangements of the head of the furnace are of a 
more complicated nature. Some of these will be described when treating 
of the employment of waste gases. 

Figs. 50--54 will serve to show the nature of the progressive changes 
which have, within the last thirty years, taken place in the construction 
of the blast-furnace in this country. Fig. 50 is a vertical section of a 
blast-furnace at Oldbury, built about 1853, blown with six tuyers. 
Fig. 51 is one of the older furnaces at tlie Stockton Iron- Works ; 
and fig. 52, one of a pair erected at Ditton Brook, near Warrington, 
in 1872, which have closed tops, and from which the waste gases are 
drawn oflf to be used as fuel Fig. 53 is a horizontal section of this fur- 
nace immediately below the level of the tuyers. It will be seen that the 
body of the masonry is supported by five brickwork pillars, a. Hot-blast 
is employed, heated by the waste gases, and introduced into the furnace 
through four tuyers. 

When furnaces are slightly built and are closely hooped or entirely 
cased with iron, the superstructure is frequently supported on cast- 
iron standards, and they are entirely encased with boiler-plate to the 
throat. 

In order that moisture may readily escape, and the brickwork be 
prevented from splitting, through the pressure of confined vapour, the 
masonry constituting the exterior casing of the older furnaces is often 
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traversed by numerous small channels, by which the drying of the mass 
is facilitated. The work is strongly bound together, on the outside, by 
iron bands, which are made to bind tightly either by keys or by screws 



Fig 50. — Blast-Furnace, Oldbury ; vertical section. 
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and nuts. Wlien the furnace is rectangular these bands are held together 
by long vertical bars, to which they are attached by loop-eyes or strong 
screw-bolts, and by this means great strength and solidity are commiini- 



Fljf. Sl.—Blait-Furnoce, Stockton ; vertical section. 
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cated to tlio structure The dimensions of blast-furnaces differ very much, 
according to the period at which they were erected and the nature of the 
ores operated on. The height is extremely vaiiable, some furnaces being 



I'lg 62 — Blast Furnace Ditton Brook veitical section 


214 


ELEMENTS OF METALLURGY. 


only about 30 feet high, including the chimney, whilst others reach an 
elevation of over 90 feet. 

The most common height is, however, from 50 to 70 feet, exclusive 
of the chimney, which, when present, is from 8 to 12 feet in length, and 
is formed of radial bricks, bound by stout iron rings and girders ; door- 
ways are left in the sides for the introduction of ore and fuel The 



53 —Blast Funiacc, Ditton Brook ; section thtougli health. 


throat is protected by a large annular plate of cast-iron, and on this re^t 
the foundations of the chimney. 

In building blast-furnaces it is now usual to avoid abniptly varying 
slopes, and the diameter is sometimes continuously increased from the 
throat to tlie boshes, and is thence contracted downw'ard to the hearth 
bottom in a somewhat similar way. In Scotland this form of furnace is 
employed, with the addition of a Avide cylindrical hearth. Slightly curved 
stacks, wdth conical boshes and cylindrical hearths, are almost universal 
in the Cleveland district, but in South Wales the boshes are often 
conical, while the stack, which is for a certain distance cylindrical, is 
terminated by a species of dome. The angle of the boshes is now made 
much steeper than formerly, following the practice of charcoal furnaces. 
In America, a bosh angle of 78“ to 82“ is now (1885) commonly adopted. 

In French and German furnaces curved outlines are le^s common 
than in this country, and, in the majority of cases, their heartlis are 
proportionately smaller than in ours. Swedish charcoal furnaces are of 
considerable height as compared with their diameter, and tlie heartli and 
boshes form part of the same cone, which is usually very acute. The 
fetack is commonly cylindrical Fig. 65, from Percy, is a vertical section 
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of a furnace erected in 1857 at Sten, near Finspong. In all essential 
respects this furnace is similar to those constructed in England, and con« 
sists of an inner lining of fire-brick and an outer shell of less refractory 
material. The hot-blast stove is heated by the waste gases withdrawn 





2I6 


ELEMENTS OF METALLURGY. 


from the opening, a, m the upper part of the furnace, and tlie air-pipes 
are so arranged that, ^^hen necessary, the blast may enter the furnace 
without being heated by first passing through the stove. Nearly opposite 
the opening, a, is another, by which a poition of the gas is drawn off for 
the purpose of supply ing fuel to the kiln in w Inch the calcination of the 
ores IS eflected, the mouth of this furnace al\^ays remains open. 

The heiglit and other dimensions of blast-furnaces differ according to 
the nature of the ore tieated and of the fuel employed, and no general 
lules can be laid down ^Mth regard to the form best suited for any parti- 
culai class of ore. The most useful guide in the construction of a blast- 
furnace is afforded by the condition of other furnaces when they are 
blown out after working the same kind of ore under similar conditions. 



Fig 55 — -Swedish GharcoU I'uruace , vertical Bcctioii 


It IS evident that, by constructing the various parts in accoidame witli 
the indications thus obtained, not only a c( rtain amount of fuel may be 
economized, but tlie apparatus may be brought to its best working con- 
dition more quickly than in the case of the most suitable form having to 
be obtained by the erosive action of the slags. 
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An increased production of iron from a given burden can only be ob- 
tained by augmenting the smelting power of the furnace in which it is 
treated, since it is manifest that fresh charges can be introduced only in 
proportion to the rapidity with which those which have preceded them 
are removed. The power of fusion is mainly dependent on the rapidity 
with which fuel is consumed by the oxygen of the blast ; and as the com- 
bustion of fuel is chiefly confined to the region of the tuyers, it follows 
that by augmenting the diameter of the hearth an enlarged area of active 
combustion is obtained. 

The height of a blast-furnace should be mainly regulated by the 
character of the fuel employed, as regards its power of resisting the 
crushing action of a large number of charges forming a high column of 
materials ; very high furnaces are consequently not used with tender fuel, 
and the favourable results obtained from the tall furnaces in the Cleve- 
land district are, to a great extent, due to the exceedingly resistant nature 
of the coke employed as fuel. The height of furnaces in which anthracite 
is employed is not generally great, since the fuel is liable, by decrepi- 
tating, to cause obstructions, which are only to be avoided by the use of a 
more than usually powerful blast. Such furnaces are, therefore, generally 
low, wide, and blown by a considerable number of tuyers. It is of great 
importance that the dimensions of a furnace should be so regulated that 
the reduction of tlie ore may take place at a low temperature, as otherwise 
silicates of iron will result, with the formation of scouring slags and the 
production of white cast-iron. The harder a furnace is driven, all other 
conditions being the same, tlie greater will be the deterioration in the 
quality of the metal produced, caused by the more rapid descent of the 
charges ; it consequently follows that to manufacture an increased 
quantity of iron, without injury to its quality, it is necessary to employ 
a larger furnace. 

The following table, published by Mr. Gjers, in the ‘Journal of the 
Iron and Steel Institute,* shows the progressive increase in size, during 
twenty years, of Cleveland blast-furnaces, giving their dimensions and 
capacity in the order of their respective dates. 
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Dimensions op Blast-Fubnaoes. 


^ Dttte 

Name of Firm. 

Furnaces. 

Height. 

Width of 
Boshes. 

Capacity. 



No 

Feet. 

Feet. 

Cubic feet 

1 1851 

Bolckow & Vanghan 

3 

42 

15 

4,566 

! 1863 

Bell Brothers .... 

0 

47i 

164 

6,174 

1 » 

Gilkes, Wilson, Pease & Co. 

2 

45^ 

14i 

5,100 

♦» 

Bolckow & Vaughan 

6 

54 

15 

7,166 

1854 

Cochrane A Co 

4 

55 

16 

7,175 


B. Samuelson & Co. 

3 

60 

14 

6.050 

91 

Bolckow & Vaughan . 

3 

54 

15 

7,116 


Gilkes, Wilson, Pease & Co. 

2 

55 

144 

6,800 

1856 

Stockton Furnace Company . 

3 

50 

16 

6,341 

»» 

Norton Iron Company . 

3 

50 

15 

6,000 

1858 

Thomas Vaughan .... 

6 

56 S 

16 

7.000 

If 

Hopkins, Gilkes & Co. . 

2 

56 

16 

7,200 


Jones, Dunning A Co. . 

2 

58 

17 

8,000 

.. 

Bolckow & Vaughan . 

1 

61 

16i 

7,960 

1861 

Gilkes, Wilson, Pease & Co. 

1 

55 

16 

7,700 


Whitwell & Co 

3 

60 

20 

12.778 

1862 

Bolckow & Vaughan . 

2 

75 

164 

11.985 

1864 

B. Samuelson & Co. 

4 

69 

20 

15,500 

ff 

Thomas Vaughan 

3 

70 

IS 

12,000 

>f 

Lloyd A Co 

4 

67 

20 

15,000 

If 

Thomas Vaughan .... 

6 

81 

19 

16,000 

ff 

Stevenson, Jacques & Co. 

3 

70 

224 

17,000 

1865 

Gilkes, Wilson, Pease & Co. . 

2 

75 

21 

17,700 

f| 

Bell Brothers .... 

2 

80 

204 

15,500 

9t 

Bolckow & V aughan . 

2 

1 95i 

16 

15,050 

1866 

Bolckow A Vaughan 

1 

1 

20 

12,972 

99 

Hopkins, Gilkes & Co, . 

2 

75 

24 

20,000 

tf 

Swan, Coates & Co. 

2 

' 75 

20 

16,090 


Bell Brothers .... 

2 

80 

17 

11.500 

18’w 

Norton Inm Company . 

2 

85 

25 

26,000 

99 

Cochrane & Co 

2 i 

76 

23 

20,624 

1868 1 

Gilkes, WiNon, Pease & Co . 

1 

75 

24 1 

22,500 

If 

Stevenson, Jacques & Co. 

1 

70 

23 J ! 

18,000 1 

1) 

B. Samuelson & Co. . . . ‘ 

1 

69 

1 214 ! 

16,000 1 

ff 

Lloyd & Co * 

2 1 

1 80 

1 214 

18,000 ' 

If 

Jones, Dunning, & Co. . 

1 

! 73 

1 

12 , 0(»0 

f» 

Bolckow, Vaughan & Co. 

2 1 

1 95i 

22 

25.940 1 


Bolckow, Y'aughan & Co. . . i 

1 

95i ! 

1 23 

' 28,800 1 

1869 

Thomas Vaughan . . . , j 

J ! 

1 S5 1 

25 

1 26,000 1 

I'sTO 

Bell Brothers 

4 

80 

25 

1 25,000 


Stockton Furnace Company . . 1 

2 

80 i 

24 

24,613 


Swan, Coates & Co. 

1 

75 i 

m 

22 229 

99 

Cochrane & Co. .... 

2 

, 90 

30 

41,149 


(rilkes, Wilson, Pease & Co. . i 

2 

85 

27 

32,000 


B. Samuelson & Co. 

2 

' 85 

28 

30,000 

1871 

Gjers, Mills & Co. 

2 

85 

25 

* 26,000 

ff 

Lackenby Iron Company 

2 

85i 

1 254 

j 26,676 

If 

Bolckow, Vaughan & Co. 

o 

95^ 

! 24 

1 28,9.50 


Dlowixg-Machinery. — The blowin^if-niachiiK} ordinarily employed, 
fig. 56 , consists of a large cast-iron cylinder, A, accurately turned on the 
inside, and provided with a piston, P, made air-tiglit by a packing often 
consisting of tressed hemp. The cylinder is closed at both extremities 
by iron ends, and on the cover is a stuffing-box, through which passes 
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the rod, R, connected with the piston. The cover of the cylinder is pro- 
vided with openings communicating with the outer air, and furnished 
with valves, v, opening towards the inside. Another valve, v\ on the 
contrary, opens outwards, and communicates with a lateral chamber, B, 
also of cast-iron. The lower end of the cylinder is provided with similar 
apertures and valves, those marked 2?, which establish a communication 
between the external air and the space beneath the piston, open inwards, 
whilst the opening communicating with the lateral chamber is closed by 
a valve, v\ shutting in an opposite direction. 



Fig. 56. -Blast-Cylinder, Dowluis ; vertical section. 


The better to understand the action of this apparatus, let us suppose 
that the piston has been raised to its full height in the cylinder, and has 
begun to be again forced down. If the valves v are closed, the air con- 
tained ill the upper part of the vessel gradually becomes more and more 
rarefied, and the difference of density between the air in this part of the 
cylinder, and that of the blast in the chamber, B, will cause the valve v' 
to apply itself firmly against the metallic surface before which it is hung. 
The valves v, on the contrary, which open inwards, ■will be lifted as soon 
as the difference between the density of the enclosed air and that of the 
atmosphere is sufficiently great to overcome the resistance caused by their 
mechanical adjustments ; and in proportion as the piston descends, the 
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space behind it will be occupied by a supply of atmospheric air arriving 
from without. 

The motion which causes the air above the piston to dilate, will 
evidently at the same time compress tliat which is beneath, in proportion 
as it approaches the bottom of the cylinder, and cause the lower valves v, 
opening inwards, to close firmly against the polished metal surfaces to 
which they are attached ; whilst that marked v\ hung in a contrary direc- 
tion, will open and allow the air to })ass into the chamber, 1>, whence 
it escapes, through the aperture, O, to the pipes connected with the 
tuyers of the furnaces. In this way the upper portion of the cylinder 
draws the air from without during the descent of the piston, and forces 
that which is beneath it through the chamber into the pii)es with which 
it is connected. "When the piston is raised, the reverse of this takes 
place : the lower portion receives air from without, whilst the upper dis- 
charges that which it contains through the pipes leading to the tuyers. 
The machine is by this means made to throw into the furnace a nearly 
continuous flow of air ; the only time at which tlie current is interrupted 
being that at which the piston has reached the full extent of its stroke, 
and before it has begun to move in a contrary direction. 

As, however, it is of importance that the regularity of the blast should 
be maintained, the pipe, 0, leading from the chamber, ]>, is made to com- 
municate with a closed reservoir of wrought-iron, where the variations 
referred to are lost through the elasticity of the air itself. The piston of 
the blowing machine is now almost invariably worked by steam power, 
being often attached by a parallel adjustment to the oscillating beam of 
an engine. In some cases each machine is provided with two blowing 
cylinders acting alternately at each stroke made by the beam, by wliich 
the motion is communicated. The j)ower required to work an apparatus 
of this kind necessarily depends on its size, and also on that of the 
furnace or series of furnaces which it supplies, 

Bloicing’Emjine aX JJoHcds Iron-Works . — The large blowing-engine 
at the Dowlais Iron-Works, a section of the air cylinder of which is 
given fig. 56, was erected in 1851 by Mr. Triiran, and has been described 
by Mr. Menelaus in the ‘ Transactions of the Institute of Mechanical 
Engineers.* Fig. 57 is a side elevation of this engine. The blowing- 
cylinder, A, is 144 inches in diameter, with a stroke of 12 feet, making 
20 double-strokes j)er minute, the pressure of the blast being 3^ lbs. per 
square inch. 

The discharge-pipe, 0, is 5 feet in diameter, and about 140 yards in 
length; thus answering the purpose of a regulator. The area of the 
entrance air-valves is 56 square feet. The amount of air discharged per 
minute, at the above pressure, is about 44,000 cubic feet. 

The steam-cylinder, C, is 55 inches in diameter, has a stroke of 13 
feet^ with a steam pressure of 60 Iba on the square inch, and works up 
to 650-hor8e power. Steam is cut off when the piston has made one- 
third of its course. There is also on one side of the steam-nozzle a small 
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separate slide valve for moving the engine by hand when starting. The 
cylinder-ports are 24 inches wide by 5 inches in depth, and the slide- 
valve has a stroke of 1 1 inches with a lap of half an inch. This engine 
is non-condensing, and the exhaust-steam is discharged into a cylindrical 
heating-tank 7 feet in diameter and 36 feet in length, containing the 
water employed for feeding the boileis; beneath the steam-cylinder 
there are about 75 tons of cast iron framing, and 10,000 cubic feet of 
masonry. 

The beam is cast in two parts, each weighing about 16 J tons, the total 
weight upon the gudgeons being 44 tons. It is 40 feet 1 inch from 
outside centre to outside centre, and is connected to the crank on the 
fly-wlieel shaft by an oak sweep rod, strengthened from end to end by 



rig 67 — Blowing-Eugiue, Dowlaia 


wrought iron straps The fly-wheel, D, is 22 feet in diameter, and weighs 
35 tons. Steam is supplied by eight Cornish boilers, each 42 feet long 
and 7 feet in diameter, with a single internal flue, 4 feet in diameter, in 
which there is a flre-placo 9 feet long. 

For some time this engine supplied blast to eight large furnaces, 
varying in diameter from 16 to 18 feet at the boshes ; it is now, in con- 
junction With three other engines of smaller size, blowing twelve fur- 






222 


ELEMENTS OF METALLURGY. 


iiaces, some of which make upwards of 235 tons of good forge pig iron 
per week ; the weekly make of the twelve furnaces is about 2,000 tons 
of foi^e-pig. 

With the exception of the cylinders, which were made and fitted at 
the Perran Foundry, Cornwall, the engine and boilers were made at the 
Dowlais Works, under the superintendence of the Company's engineer. 

Blowing -Engines in the North of Englaiid . — The blowing- engines 
employed in the North of England are often of vertical construction, and 
are sometimes coupled in pairs, having a fl} -wheel between them, with 
cranks at right angles, as in fig. 58, ^^hlch lepresents the arrangement 



fig 68 — Ulowiug Engine, IS cW|>ort 

employed at Newport, near Middlesborough, described by Sir B. Sainuel- 
son (May 1871), in a paper read before the Institute of Civil Engineers. 
The substitution of slide-valves driven by eccentrics for clack-valves, 
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for the admission and discharge of the air from blast-cylindersi has been 
tried at different times ; but such engines have not been found advan- 
tageous, owing to the large amount of friction on the valve-surfaces, and 
the great wear and tear to which, from the rapid motion, the machinery 
is subjected. 

In Austria small direct-acting blast-engines, having the steam-cylinder 
uppermost, are much used for charcoal furnaces ; they are generally of 
small dimensions, averaging from 25- to 30-horse power, and deliver from 
2,300 to 2,500 cubic feet of air per minute. 

Horizontal blast-engines are often preferred in Rhenish Prussia ; the 
cylinders are placed on the same line, and the rod which carries the 
piston passes through both covers of the blast-cylinder, and runs in guides 
on either side. Two engines of this description are not unfrequently 
coupled, but they are so constructed that one of them may be readily 
thrown off in case it should not be required. An engine of from 30- to 
40-horse power is sufficient for blowing an ordinary charcoal furnace, but 
a single furnace working with coke requires a blowing-engine of from 
90- to lOO-horse power. 

The pressure of the blast varies with the nature of the fuel employed 
and the burden of the furnace. In some parts of Europe the pressure of 
air employed for charcoal furnaces does not exceed | inch of mercury, 
while in American anthracite furnaces a pressure of 15 inches, corre- 
sponding to 7^ lbs. per square inch, is often used. In this country, 
with tender fuel, a pressure of from 2| to 3 lbs. is employed, but with 
hard coke it ranges from 3^ to 5 lbs. per square inch. 

The practice of blowing several furnaces with one engine, although 
mechanically economical, is attended with considerable risk should any 
break-down of the machinery take place. It is, therefore, always desirable 
that there should be a reserve of blowing power, and that the work should 
be so distributed between two or more machines, that in case of an acci- 
dent to one of them the blast may still be efficiently kept up. When there 
is but one furnace, a pair of coupled engines, capable of being worked 
independently of each other, may be employed with advantage. 

The steam power required for furnishing the blast to a modern 
furnace of large size is estimated at 2J-horse power per ton of coke burnt 
per twenty* four hours. Thus a furnace making 90 tons daily with a coke 
consumption of 21 cwts. requires 2*5 x 1*05 x 90 = 236J-horse power. The 
large American furnaces, making 200 tons and upwards per day, take as 
much as 500*horse power to blow them, wdiich is usually distributed over 
several small engines. 

On account of the variations of pressure at the different parts of the 
stroke and the pulsations caused by the reciprocating action of the piston, 
the blast issues from the blowing-cylinder with a somewhat irregular flow. 
In order, therefore, to obtain a steady blast from the various nozzles, it 
becomes necessary to employ some means for rendering the pressure 
constant. This may be effected either by receiving the blast in a reservoir 
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having a capacity several times greater than that of the blowing-cylinder, 
or by delivering it into a second cylinder provided with a loaded piston, 
which rises when the amount of blast increases, but falls and exercises a 
compressing action when the supply of air is temporarily diminished. 

The same result may be obtained by the use of a loaded bell floating, 
like a gas-holder, in water ; but fixed reservoirs of sufficient capacity are 
equally efficient, and are now generally preferred. These are usually 
made of sheet-iron, and had formerly a spherical or dome-like form, but 
they are now more frequently cylindrical, and should liave a capacity 
from forty to fifty times greater than the volume of air delivered per 
second by the blowing-engine. When, however, the blast-main is long 
and of considerable diameter, with two or more engines blowing into it 
at the same time, it frequently happens that sufficient uniformity of 
pressure can be obtained without the use of a special regulator. In some 
of the old iron-works a brickwork chamber, lined with cement, was used 
as a regulator for the blast. 

Hot-Blast. — A patent was granted in 1828 to Mr. James Beaumont 
Neilson entitled ‘Improved Application of Air to produce Heat in Fires, 
Forges, and Furnaces, where Bellows or other blowing Apparatus are 
required.’ There is reason to believe that the patentee had originally no 
just conception of the great value of his invention, or of the important 
influence it was destined to exert on the manufacture of iron. The par- 
ticular reference made by him in his specification to smiths’ fires and 
iron-founders’ cupolas, would seem to indicate that he regarded his inven- 
tion as being more particularly applicable to such purposes than to the 
blast-furnace. 

Mr. Neilson, and others with whom he had entered into partnership, 
granted a license in 1832 to Messrs. Baird, the proprietors of the CLart- 
sherrie Iron- Works, Scotland, in consideration of receiving one shilling 
per ton on the iron produced at their establishment. This payment was 
subsequently disputed by the licensees, principally on the ground of 
insufficient description and want of novelty, but they further contended 
that cold-blast was practically more economical The trial took place at 
Edinburgh in 1843, when the jury awarded the patentees damages to 
the amount of £11,867, I 63 . The value of this invention, wliich, at a 
comparatively recent date, was thus disputed, is now universally admitted, 
and the employment of the hot-blast has been proved not only to be 
attended with a great economy of fuel, but at the same time has been 
found to increase the productive power of the furnace. Heated air is 
consequently at the present time employed to tlie almost total exclusion 
of cold-blast, in all the principal iron-producing districts of the world ; 
cold-blast being retained only for the production of certain special brands 
of cast-iron which command a high jmce, and may therefore bo manu- 
factured at a correspondingly enhanced cost. 

The temperature, to which the blast may be advantageously raised 
appears to be limited only by tlie wear and tear of the apparatus and by 
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the difficulty of keeping it tight when the air is very strongly heated. 
The blast is not generally heated beyond 350* or 400* C., but it is found 
that by using air heated to 650* instead of 400* C., a saving of 5 cwts. of 
coke per ton of iron made can be effected. In some cases the blast is 
now used at a visibly red heat, or about 600* C., but when such extreme 
temperatures are employed the rapid destruction of the metallic pipes 
of the stove renders a special construction of the heating apparatus 
necessary. 



Fig, 59.— Common Stove ; transverse section 


Commm Stove . — An apparatus commonly employed for producing 
hot-blast of comparatively low temperature consists of a series of parallel 
tubes, arranged in a fire-brick chamber, where they are heated externally, 
either by the combustion of solid fuel, or by that of the waste gases from 
the furnace. One end of these tubes is in communication with a main, 
which supplies cold air from the blowing-engine, while the other is con- 
nected with that which convoys heated air to the tuyers. In tlie older 

P 
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stoves the fire-place is rectangular, and two mains, which are parallel to 
the longer sides and circular in section, are provided with a nimibcr of 
sockets into which the ends of the heating-pipes are cemented. 

These pipes, similar in section, and liaving the form of a syphon 
or arch, are placed in the position shown in fig. 59, which represents a 
transverse section of a hot-blast stove ; their extremities are severally 
attached to the mains, a and 5, by cement joints. The grate, c, ex- 
tends along tlie whole length of the a]>])aratiis, and the fiame and 
heated gases, after playing against the under sid(*s of the tubes, pass 
around and between them, finally escaping to a cliimney provided for 
that purpose. The cold air from the blast-engine, entering by the main, 
rt, on oiu‘ side, flows continuously tlirough tlie archetl ])ijn's, wdien* it 
become^ heated, and passes off to the tuyers by the oppohite main, />. 
Tn order to obtain a larger amount of heating surface, the arched or 
hoi*se shoe ])ipes are usually made w'ith a flattened ellij)tical section 
insteatlof a circular one, and inverted A^-shaped pipes are frequently em- 
])loyed im*-tead of those of the arched form shown in the engraving Tlie 
heating power of tlie apparatus ha«j also been augment(‘d by the introduc- 
tion of stops in the mains, by which the air i< comptdled to jiass alternately 
backwards and forwards through the vertical jiipcs before lieing con- 
<lucted to the furnaces. In all cases the cohl air is introduced at one 
end of the .'•to\e, and passes off to the tuyers from the other (‘xtnunity. 
The arched pipc.-^ of llot-bla^t stoves are liable to become bioken Ity 
the expansion and contraction caused by variatiem^ <T teni]K'rature, unl(*ss 
they are allowed a certain freedom of motion ; thus is provided for by 
siqiporting one of the mains on rollers in sucb a vay a'> to admit of its 
moving inwards or outwards, according as the j)i])e.s either contract or 
expand. 

Circular Store . — Kound stoves are sometimes (‘m})]oy(*d in j)lac(» 
of the rectangular stove above described, and, in such cases, the air- 
main-t are replaced by an annular cast-iron box, liaving a square or 
tiapezoidal section ; this is divided by a central partition into two hollow 
rings, one of wdiich corresponds to the cold and tlie otlior to the hot-iiir 
main of the ordinary stove. The vertical pi lies, instead of being arched, 
are connected at top by a sliort horizontal connecting-piece. Fig. CO 
represents a vertical section through the centre of a stove of tliis kind. 
Fig. Cl is a horizontal section tlirough the air-box. 

Tlie cold air first enter.s tlie outer ring, a, wliere it is interrupted by 
a stop, fig. 61, and then reache.s tlie inner ling, Z/, by ascending a number 
of the outer vertical pipes and de.sceiiding an equal number of those of 
the inside series. A stop in the inner ring causes the air to again pas.s 
through an equal number of the vertical tubes into the outer one, by 
whicli its temperature is still further augmented. 

Pi>itol-Pipe Stove , — Another modification, known as the pistol-pipe 
stove,” is made use of in some districts in this country, as well as in 
France, Germany, and other parts of the Continent of Europa 
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In this case the two vertical pipes or limbs are replaced by a single 
one divided longitudinally by a division reaching nearly to the top, which 
is closed, enlarged, and bent over in the form of a pistol-stock. These 



Fig:. 62.--Pi8toM*ipe Stove ; transverse section. 


pipes are arranged on either side of a fire-place, as shown, fig. G2, and 
the cold air which enters one division descends through the other, and 
after becoming heated by the furnace, finally passes off to the tuyers. 

Stove used at NeustofJt . — At tlie Neustadt Iron-Works, Hanover, a 
form of stove is employed of which fig. 63 represents a vertical section. 
The heating coil consists of four cast iron pipes united by semicircular 
bemls, and three such series are so connected by branch pipes that the 
whole apparatus con^sists of twelve tubes. The cold air enters at a, and 
|)assing downwards, finally passes off in a heated state at h ; the fuel 
emjdoyed is waste gas from the blast-furnace, which arrives through 
the large wrought-iron main, c, and is supplied to the furnace through 
jet-pipea, d. The jets, d, are provided with a central tube, through 
which air is admitted at e, in order to effect the combustion of the gas. 

The pi}ie, /, is one of a series employed for superheating steam. 
This type of stove has been much used in North Germany, where it is 
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flattened elliptical section, placed with the longer axes upright ; the coil 
is sometimes 10 or 12 pipes high, and the bends, though not heated, are 
enclosed between walls. Another form, known as the Lorraine stove, has 



Fig. 63. —Hot* Blast Stove, Neustadt ; vertical section. 


the b(*nds on one side only, the pipes being closed at the back and 
divided by a mid-feather, as in the pistol-pipe stove. 

Cowper^s Stove , — When it is desired to heat the blast above a visibly 
red heat (about 1,100® F.), stoves containing large masses of fire-brick, 
which are worked intermittently on Siemens' regenerative principle, 
are substituted for those with cast-iron pipea This important improve- 
ment in blast-furnace practice was invented by Mr. E. A. Cowper, 
whose stove is represented with its newest modifications in figs. 
64, 65, 66. It consists of a cylindrical tower with a domed top, E, 
40 to 65 feet high, and 26 to 28 feet in diameter, built of fire-brick, 
with an iron casing, I. A tube or flame-flue, F, placed eccentrically 
within the stove, extends from the bottom to the spring of the dome, 
while the remaining space being filled with fire-bricks forms the regene- 
rator, E. The bricks are carried upon grids, supported by girders, P, 
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so as to leave a clear space at tlie bottom, 'which is accessible by the 
manhole«, 'SI The gas from the furnace, introduced by the gas valve, (J, 
to the buriieis N, is burnt b} air supplied through the an valve, A, form 
ing a bod\ of flame iii F, which descends through the pa^«;agos of the 



Fijf 64 — Cowpar 8 stive, vertical section 


i< generator and out by the chimney valve, V The buck work of 

the regenerator absoib-> heat continuously from tlie flanu until it leadies 
a maximum teiniieiature at the top, when the pile is visibly rod hot to 
within a few feit of the bottom. The gas is then shut oil, uid cold 

1 lrtr.+ r Irv i f f 1 1 In irnltm C* lo tMiaa/kfl flirrm rli in flin rf»t < i i1i 
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Fig 65 — Cu\«’i>er’8 Stove ; horizontal section. 


tion, which becoming lieated in its passage, cools down the brickwork 
in a corresponding degree, and is delivered as.hot-blast by the valve, H, 
When the brickwork is cooled below a red heat for about three-quarters 
of its height, the blast is stopped and gas is turned on to re-heat it, and 
so on. Two stoves 
at least are provided 

for each furnace, one 5 S 

of which is on gas I > ‘ ^ I V ! - Jl 

wdiile the other ^is on J ^ 1 1 ' ^ ^ 

raior is filled with ^ Mm t [T N ^ ^ ^ ^ llH ^ n 

Cowper’s honeycomb ^ 

^^hou pilttl ill tin — Cuvri>er’8 stove ; horizontal section. 

stove, as in lig. 04, 

giv<* a series of six-sided fliic.^ with walls uniformly two inches thick. 

Tlie t()]> courM' is imulc with a sharp edge to clieck the lodging of any dust. 

The oidiiiary way of cleaning the stoves from dust that may liave hung 

against the sides of tlie pa-^sages is to fill it with blast at the maximum 

pressun*, and suddenly to blow it out by opening the throttle- valve, T, or 

by firing a gun in the spaia*, below the 

girdiTs. When cold, the Hues may be 

l)rush(*d down from aliove from the space 

uiultT the dome, Mliich is accessible from 

the gallery and cleaning-doors at the top. 

The internal angles of the hone^xomb are 

rounded, atFording a pas.sage which is found iL JL JsL JL J. 

to be less liable to choke from deposit 

tlian that formeil of the ihin bricks placed 

on edge, formerly used. At the present time 

about .‘170 of these stoves arc used in the fj | | 

diflerent iron -making countries of the — | — -i — j ^ ^ 

world ; the maximum temperature of blast ^ i — L1-. 

obtained being from 1,500*^ to 1,600“ Fig. ce. —Cowper’s stove ; details of 

The average saving of fuel over pipe- bnckwoik. 

stoves is about 5 cwts, per ton of iron made, while the make is increased 

about 20 per cent. The consumption of coke has been brought down to 

^ The Cowper stoves at Newpoit Iron-Woiks, Middlesborough, each of 18,610 cubic 
feet capacity, of which 8,400 cubic feet are occupied by brickwork, leaving 10,204 cubic 
feet for gas- and air-passages, giving a heating surface of 42,860 square feet, furnish blast 
at 1.414'* F. for a furnace 85 by 27 feet, making 461 tons of pig-iron i>er week from 38 
jier cent, ore, with a consumption of 21 ’8 cwts. of coke per ton of iion; or 2^ cwts. less 
than when iron-pipe stoves, giving a heat of DOO* F., M'ere used. 


Fig. 66. — Cowper’s Stove ; details of 
bnckwoik. 
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17 cwts. per ton of heematite-pig, 19 cwts. per ton of Cleveland pig, and 
with raw coal to 29 cwts. per ton of forge-pig, and 31 cwts. per ton of 
No. 1 pig. 

WhiiwelVs Stove , — A modification of the regenerative stove intro- 
duced by the late Mr. Thomas Whitwell in 1865 is shown in its original 
form in figs. 67, 68, from which it will be seen that it is essentially a repro- 
duction in fire-brick of the serpentine pipe-stove, with the coil placed 



Fig. 67 — Whltwoir« Store , rertical section. 



Fig 68 — Whitwell’s Store ; horiror tal section. 


vertically instead of horizontally. The gas admitted at A is burnt by 
air admitted through the feed passages, a ; the flame passing up and down 
by the serpentine passages between the numerous dividing walls, gives 
up its heat to the latter, which consist of 7-inch brickwork, and escapes 
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to the chimney by the passage C. When the stove is heated, cold-blast is 
admitted at 1) and passes out heated at B. The progress of the cooling 
is watched by sight-holes, the walls of the first two passages not being 
allowed to go below a red heat. The crowns of the arches at the ends f 
are removable, so that by opening the covers, e, the passages are made 
accessible for sweeping down or scraping the sides. The dust removed 
falls to the bottom of the stove, and is withdrawn through the side doors, g. 
The dimensions of the stove sliown in figs. 67, 68, are 22 feet in diameter 
and 25 feet high, which size was used at the Consett Iron-Works in 1869. 
The flame passes twelve times through the entire height of the stove, the 
passages having a total length of 240 feet and a heating surface of 9,000 
square feet. Subsequently the height has been greatly increased and 
the number of reversals of the flame correspondingly diminished, so that 
at present it is customary to build them of a height equal to or greater 
than that of the furnaces to which they are attached. The largest size 
adopted is 70 feet high and 25 feet in diameter, with 35,000 square 
feet of heating surface, the gas passing only four times through the stove. 
The thickness of the walls is also reduced to 5 inches, and a large 
number of thin walls are adopted, dividing the interior into numerous 
rectangular passages from 5 to 6 inches square. A domed top is also 
now used instead of the flat one shown in fig. 67. 

A modification of the Whitwell stove known as the Gordon- Whitwell- 
Cowper stove has lately been introduced in America, in which the number 
of passages for the flames is reduced to three, and the exit of the spent 
gases is at the top under the dome, so that each stove can have its own 
chimney, and dispense with the long underground flues and tall stacks 
required when the gases pass out at the bottom of the stove. 

The Massick and Crook e fire-brick stoves, which have been introduced 
at some Cumberland and Scotch furnaces, have a central combustion 
chamber with a number of narrow rectangular passages forming the heat- 
absorbing surface arranged concentrically around it. • A central lieating- 
tube or gas-burner was adopted in the early form of Cowper’s stoves, 
as figured in the last edition of this work, but it was subsequently aban- 
doned for an eccentric position, on account of the difficulty of equally 
distributing the gas through the whole of the regenerative passages. 

Blast-Film and Nozzles , — The blast issuing from the stoves is carried 
round the furnace in a circular main, which, in the older ones, enclosed 
in a square casing of masonry, passes through the arched openings 
traversing the pillars supporting the stack, but in the newer form of 
furnaces is, at a certain height above the ground, secured to the columns 
enclosing the hearth. When the blast is at or above a red heat, the main 
is internally lined with firebrick. Gpposite each tuyer a branch-pipe is 
brought down to the proper level ; these are turned at right angles, and 
connected with the blast-nozzles. A throttle- or slide-valve is attached 
to each branch for the purpose of regulating or cutting off the blast, 
while a similar valve of larger dimensions is fitted to the main between 
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the stove ami fiirnaco. A self-acting stop-valve is often used in the 
tuyer-pipe. This consists of a heav}*' flap- valve which opens outwards 
by the pressure of the blast, but falls back against its seat when the 
blast is stopped, and so prevents the penetration of furnace gas into the 
blast-main. 

When cold-blast is employed, a conical nozzle is attached to the 
blast-pipe by a short leather tube, but when hot-blast is made use of, it 
is necessary that all the fittings should be of metal, and means are con- 
sequently provided for adjusting the nozzles by the aid of ball-and-socket 
joints and telescope tubes. Water-tuyers are made mtlier of wrought or 
cast-iron, of a combination of both, or of copper or bronze ; tlie latter 
are said to possess the advantage of not being readily destroyed by 
“ ironing ; that is, of being attacked by the imperfectly fused masses 
of iron which sometimes adhere to them when the furnace is not in gooil 
working order. 

The number of tiiyeri> and the metliod of their arrangement vary in 
accordance with the size of the furnace and tlie nature of the fuel 
employed. Small charcoal furnaces have frequently only two tuyers 
placed on opposite sides of the hearth ; lliree is, however, a more usual 
number, one being placed opposite* the tymp, and the two others on 
opposite sides of the hearth. In the case of very large furnaci‘S, the 
tuyers are sometimes arranged in series, two being ])laeed on either side 
of the liearth, and the* same number at the ]>ack, (»r tlir(‘e at tlie .sid(‘s and 
either one or two at the ^back. Sometimes a s[)eeial tuyer is added on 
the tymp side for the purpose of removing any obstruction caused by 
local cooling, and is only u-ed in case of the hearth becoming obstructi'd 
by accumulations of imjierfectly fused matter. 

Utilizatiox of AVaste (Iases. — Shortly after the application of liot- 
blast to iron-making, various attempts were made to employ tlie Avaste 
heat escaping from the throat of the furnace for the purpose of heating 
the air Avith Avhich it is supplied. 

One of the methods formerly employed for attaining this object con- 
si>ted in ranging a series of iron pijies round the tunn(‘l-hpad, in Asdiicli 
the blast Avas heated by tlie flame passing out of the mouth of the 
furnace. In other in.'stances tlie pipe.s were (dtlier coiled around the 
interior of the upper part of the stack, so as to be lieated by direct 
contact Avith the ignited material Avhich it contained, or Av^ere so en- 
closed in brickwork as to become heated by transmission. All these 
contrivances have, hoAvever, been successively abaudoinid, since from their 
inefficiency and the difficulty attending their repair when they got out 
of order, their use was not found advantagoous. 

An improvement on this plan AA'as invented by Mr. » James JAilnicr 
Budd, of the Ystalyf era Iron- Work.s in 8outh Wales. Instead of making 
the heating apparatus an integral part of the furnace, the stoves Avero in 
this case so arranged as to allow of their being repaired without inter- 
fering with the action of the furnaces Andth which tlicy were connectccl. 
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Tho stoves were built a little below the level of the throat of the funiace 
wliich they supplied with hot air, and a chimney, 25 feet higher than 
the top of the platform, atfoided tho means of drawing into them 
as much of the lieated gases and flame as might be required. These 
were carried from the furnace by a scries of flues about three feet 
l>clow the top, communicating with the hot-air chamber in which 
were placed arched pipes lieated by the gases issuing from the furnace. 
The chimney and its damper regulated the heat of the stove ; cross- 
pipes connected the upright-pipes, and side-pi])es conveyed the air 
arriving by mains to various cross- pi j>es. The heated air was after- 
wards conveyed to tlie tuyers by downcast-pipes. A door was placed in 
the brickwork of the building for the purpose of cooling the apparatus 
before entering to make repairs. 

All these contrivances have, liowever, given place to various systems 
for conveying the combustible waste gases in pipes or culverts to the 
points where they are rocpiired to be burnt as fuel. In addition to the 
sensible heat which the gases are capable of directly communicating to 
any body with which they may be brought in contact, the whole of the. 
gaseous column issuing from the throat of a blast-furnace is inflammable, 
even after its tempeiMture lias been reduced to that of the surrounding 
atmosphere. The combustion of these gases, therefore, affords a new and 
entirely distinct source of Insat. Various patents have at ditferent times 
been taken out for methods by which the lieat thus lost has been 
sought to be iis(‘fully a])pli(‘d, but the difficulties attending the combus- 
tion of waste gases, added to the comparative cheapness of fuel, for a long 
time prevented their being extensively used in this country. On the 
Continent of Europe, where fuel is more expensive, the utilization of 
waste gases was mneli earlier introduced, but at the present time 
their employment has become almost universal in all iron-producing 
districts. 

In many small charcoal furnaces, in which the throat remains open, 
tlio gases arc taken off by iron pipes which perforate the brickwork 
from 10 to 12 feet below the top. In Sweden tins plan is generally 
adopted, ])ut it can bo applied on only a limited scale, and the supply is 
liable to be somewhat irregular from the occasional partial stoppage of 
tho openings by tho descending charges. 

Another method for collecting the gases is by partially closing the 
mouth of the furnace, so as to cause a slight impediment to the escape of 
its gaseous products, and then drawing them off by proper flues and 
tubes to where it is intended they shall be consumed. 

In order to do tliis, a cylinder of cast-iron, of a smaller diameter than 
the throat of the furnace, and having a depth equal to its width, is 
sometimes used. This is suspended by a strong flange within tho tunnel- 
head, and as tlie mouth of the furnace is constantly kept charged with 
mineral and fuel, while a clear annular space remains between the iron 
collar and the lining, it is evident tliat this must be filled with gases 
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issuing from the apparatus, which may he readily conducted by flues 
or pipes to any situation where they may be required for combustion. 
In furnaces built especially with a view to economizing the heat to be 
obtained by burning the unconsumed gases, the internal iron lining is 
sometimes replaced by an annular flue made in the brick woik a few feet 
below the throat. This is connected by several openings with the interior 
of the stack, and as tlie cliai^es thrown into the furnace above this point 
naturally offer a certain resistance to the exit of the escaping gases, they 
find their way into the annular flue before described, whence they are 
readily drawn off in any direction in whicli tliey are required, and may 
be conducted to a distance of several bundled feet. 

Method of Collecting Gases at Darlaston. — Fig. 69 is a vertical sec- 
tion of the top of a furnace at Darlaston, where this system of collecting 
waste gases was introduced by Mr. G. Addenbroke. There are fifteen 



Fig 69. —Top of Furnace, Darlaston , vertical section. 


gas-openings, a, around the neck of the furnace, each 23i inches wide and 
11^ inches high, and consequently presenting an aperture of 270 square 
inches, making a total area of 4,050 square inches for drawing off the 
gases. The large ga.s-flue, h, surrounding the neck of the furnace is 
lined with fire-brick, and is 4 feet 3 inches high to the crown of the arch, 
having a mean width of 3 feet. The outside of the furnace from a little 
below the bottom of the flue upwards is cased with v rought-iron plates, 
to which is fastened a light iron gallery, r, for the convenience of clean- 
ing the flue, h, A series of openings, e, is made all round the outer side 
of the flue, and these are closed by pieces of boiler-plate luted with fire- 
clay, and held in their places by cross-bars and wedges ; by means of 
these the whole of the flue may be cleaned out in the course of a few 
minutes, at any time when the blast is off the furnace. The bottom of 
the flue is at a lower level than the edge of tlie openings, a, in onler 
that the dust carried over may accumulate for some time before in- 
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terfering with the exit of the gases. The gas-mains are 5 feet in diameter, 
and, in case of the top of the materials sinking below the gas-openings, 
any damage is prevented by shutting the valve, c?, when the whole of the 
gas will burn at the mouth of the furnace, without injury resulting to the 
apparatus. 

Langen' 8 Apparatus , — When it is desired to utilize all the gases issuing 
from a furnace it becomes necessary to close the throat. At Siegburg, 
on the Rliine, Langen’s apparatus for the collection of waste gases is em- 
ployed ; the furnace mouth being closed by a lid, in the form of a bell- 
shaped tube, resting in an inverted conical ring. This tube may be 
raised and lowered by means of a lever, for the purpose of charging, and 
is at its extremity provided witli a lip, which dips into a water-trough in 
the gas-main, forming a perfectly air-tight joint. At the time of charg- 
ing, the bell is lifted, and, sliding in the water-joint on the gas-tube, 
allows the charge in the cup-shaped ring to fall into the furnace. To pre- 
vent any accident from explosion, a safety-valve is placed on the top of 
the conical tube, and another on the gas-tube. 

At -Horde, Langen’s apparatus has been modified as follows : — The 
mouth of the furnace, 9 feet in diameter, is closed by a flat lid of cast- 
iron, which, although it cannot be raised, maybe readily turned on rollers, 
and is kept air-tight by a water-joint ; a gas-pipe, 3 feet in diameter, 
is placed on this lid and is kept tight in the same way. This cover 
is provided, on its circumferen(*e, with four apertures closed by valves 
kept tight by water, through which, in quick succession, the charging of 
the furnace is effected. Before re-charging, the movable lid is made to 
traverse one-eighth of a revolution, thus uniformly distributing the 
materials round the circumference of the furnace. 

Cup and Cone . — The simplest method of closing the throat of the 
furnace, and that whicli is most generally used, is the “ cup and cone ” or 
“bell and hopper,” fig. 70, first applied by Mr. Parry at the Ebbw Yale 
Iron-Works. It consists of an inverted cast-iron cone, a, fixed to the 
top of the furnace, of which the lower aperture is about one-half the 
diameter of the throat. A cast-iron cone, 6, is placed in the furnace 
below this cup or funnel, and suspended by a chain, c, to an arch-headed 
lever, (7, carrying a counter-balance at the opposite end. The raising or 
lowering of this cone is often effected by a pinion on the shaft of a 
hand-wheel, <?, gearing into a segmental rack attached to the lever. When 
the cone is raised, it bears against the bottom of the cup, and forms a 
stopjier, which prevents the escape of gas from the top of the furnace. 
Thus prevented from escaping by the throat, the gaseous fuel is conducted 
through an orifice made in the wall of the furnace, above the level of 
the charges, and is conveyed, by iron pipes, to any part of the works 
where its combustion is to be effected. 

In V. Hoffs modification of the cup and cone, which is largely 
used in Germany, the cone is surmounted by a cylinder which slides 
telescopically upon a fixed central tube like that of fig. 71, the union 
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being made gas tight bj a watoi joint Thi-> tonibinoa the advantages of 
the central gas disclnige and of the distiibutiiig cone 

Method Employed at Gto^mont — At Gio'^inont, Yoikshire,and Bairow* 
in-Furness, Lancashire, the waste gas is tiken olF in a wiought-iron 
tube, a, hg 71, about 5 fe(t in diinietei, whith cvtcnds 5 feet down 



I "0 — C up md (. me sccti n 


the throat of the furnace, and is liiud on the inside and ciscd outside 
with lefractory bri< k This tube is suppoiUd b} a biukwoik dome />, 
built m the thioit of the furnace, supported b> biittie^^es of the 
same material This dome has si\ opi nings ( it tin sid( foi charging 
pui poses, and anotlicr in the (ciitie, coiicsponding with the tube, a 



Fig 71 — Topofliunacc Grosinont, vcrticdRCcti it 


The furnace is provided with the usual bink chimney at toj), which has 
wrought-iron swing doors corresponding with the openings in the crown 
Lxpansion boxes are fixed at intervals along tin tube liy which the gas 
is conducted to the boilers and hot blast stoves, and a flap valve, d^ open- 
ing outwards, is placed at the end of the tube for the purpose of clearing 
and, if necessary, to act as a safet} -valve. Ihi-s form of gas collecting 
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by a central syphon tube was introduced by Mr. Darby, and is still used to 
some extent ; but the supporting arches in the furnace are replaced by a 
girder-framing above the furnace top, from wliich the tube is suspended. 

In some of the charcoal furnaces of America the charging is effected 
by barrows, wliich are constructed exactly on the principle of the cup 
and cone ; and at Rhoiiitz, in Hungary, cylindrical charging barrows 
are employed, by which a portion of the material is dropped in the 
centre of the furnace whilst the remainder is distributed in a circle next 
the brickwork. 

Composition of Waste Gases. — The composition of the gases of the 
blast furnace at various heights has at different times been investigated 
by lUinsen, Playfair, Ebelmen, Scheerer, Tunner, and others. The 
results arrived at by these chemists have, after making due allowance for 
the different characteristics of the fuels employed, generally agreed very 
(dosely, and have afforded much valuable information relative to the 
chemical reactions which successively take ] dace. The gases issuing from 
the throat of a furnace ])ractically contain the whole of the carbon of the 
fuel consumed, with the exception of the comparatively small amount 
which has become fixed by the carburization of the metal ^ This escaping 
carbon is chielly in the form of carbonic anhydride and carbonic oxide 
ga^es, the oxygen of which has been jmncipally derived from the air of 
the bla.st, but is to a less extent due to the reduction of oxide of iron. 
The whole of the nitrogen of the air blowm in will also be present, 
together with small (|uantities of hydrogen and of hydrocarbons, which 
arc to a great extent produced by the decomposition of watery vapour. 

The following analyses give the composition of the gases issuing from 
various blast-furuaoes : - 
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1. Yeckerhagen, Hesse Cassel ; Ihinsen ; fuel, charcoal 

2. Clerval, Prance ; Ebelmen ; charge of brown haematite, limestone, 
and charcoal 

3. Audincourt, France ; Ebelmen ; charged with brown hiematite, 
forge-cinder, limestone, wood, and charcoal 

4. Seraing, Pelgium ; Ebelmen ; charge, brown haematite, mill-cinder, 
limestone, and coke. 

5. Alfreton, Derbyshire; Diinsen and Playfair; charge composed of 
calcined argillaceous ores, limestone, and raw coal. 

^ A certain amount of potassium cyanide is also produced in blast-furnaces. 
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6. Ormesby ; smelting Cleveland ore with coke ; temperature of blast 
1,507 ®F. ; furnace 35,013 cubic feet capacity. 

7. Average range of gases from Scotch blast-furnaces fed with splint* 
coal. 

It will be observed that the nitrogen of the blast, which has passed 
through the furnace without taking any important part in the re- 
actions which are continually going on, in each case constitutes more 
than one-half the entire volume of the gases evolved. The proportion 
of the nitrogen as compared with that of oxygen is, however, less than 
in atmospheric air, and as no appreciable absorption of this gas takes 
place in the furnace, it follows that the increase of from 12 to 18 
per cent, in the amount of oxygen must be derived from the solid 
materials of the charge. This increase in the amount of oxygen is 
chiefly the result of the reduction of oxide of iron, and of the elimina- 
tion of CO 2 from the limestone employed as flux. In certain cases, and 
particularly in that of hot-blast furnaces working on siliceous ores, a 
further but very small addition to the quantity of oxygen may be derived 
from the reduction of silica. 

When furnaces are worked with raw coal, the gases evolved from 
them contain, in addition to the products of combustion, small quantities 
of various condensable vapours, especially tarry matter and ammonia. 
The recovery of these substances has latterly been commenced upon 
the large scale in the West of Scotland. At CJartsherrie the gases of 
eight furnaces, 50 x 15 feet, each consuming from 60 to 65 tons of coal 
in twenty-four hours, are led from the furnace top through a du-^t-catcher 
into an atmospheric condenser, like that of a gas-works, having 200 tubes 

feet in diameter and 40 feet high ; this is followed by a water-con- 
denser with 2,700 3-inch tubes 45 feet high, a first scrubber 80 x 25 feet, 
and a second scrubber 60 x 20 feet. The current througli the different 
condensers is maintained by three .sets of Root’s blowers 6 feet in 
diameter, making 100 revolutions per minute. The products condensed 
are about 40 gallons of crude or 16 of boiled tar, and 22 to 23 lbs. of 
sulphate of ammonium per ton of coal consumed. The actual amount 
of ammonia contained in the gases is from 5 to 7J lbs. jH*r ton of 
coal, and is diffused through a volume of 125,000 cubic feet of gas. 
The amount of ammonia escaping the final condenser is estimated 
not to exceed 2 to 3 oz. of ammonium sulphate per ton of coal. The 
gases, when deprived of their condensable products, are distributed 
to the heating-stoves and boilers, and burnt in the ordinary way. 
The above is known as the Gartshcrrie or Alexander & M ‘Cosh’s 
process. 

Dempster’s process, another variety of the atmospheric method of 
condensing, has been established at Stoke-upon-Trent. 

In Neilson’s process the ammonia of the gases, after a preliminary 
cooling, is absorbed by subjecting it to a shower of dilute sulphuric acid 
in a lead-lined scrubber. 
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In Addie’s process, used at Langloan, sulphurous acid gas is passed 
into the furnace gases in sufficient quantity to combine with the ammonia, 
which is collected as a mixture of hyposulphite, bisulphite, and sulphate 
of ammonium. This, when concentrated, is decomposed with lime, in 
order to recover the ammonia, which is then saturated with sulphuric 
acid to form sulphate. The sulphurous acid used is obtained by burning 
nodular pyrites (brasses) with some pyritic ironstone in a peculiar burner, 
which works with a minimum admission of free air. It is estimated that 
about 5,500 tons of sulphate of ammonium will be obtained from the 
existing plant of the Scotch blast-furnaces in the year 1886. 

The gases of blast-furnaces carry over with tliem notable quantities 
of solid matter in the form of dust, which, accumulating in the flues and 
gas-mains, requires to be occasionally removed. This principally consists 
of silica, alumina, ferric oxide, lime, and sulphate of calcium. 

The use of dust-catchers is beneficial, as the heating power of the gases 
is sensibly improved by depriving them of suspended solid matter. When 
tlie ores contain zinc, tlie oxide of that metal accumulates in the throat- 
flues and under the bell, and must be cleared out from time to time. It 
also forms considerable deposits in the stoves and boilers. Zinc oxide 
is especially objectionable when fire-brick stoves are used. 

Lifts or Hoists. — When blast-funiaces are situated in the deep 
valleys of a mountainous country, it not unfrequently happens that all 
the materials necessary for working them may be delivered by means of 
a bridge at the top without the aid of machinery. When, however, the 
country is flat, it becomes necessary to have recourse to mechanical lifts 
for raising the charges. 

In the older iron- works, >vhen erected on level ground, inclined planes 
are often employed for this purpose, and are usually made with a double 
line of railway carried on trestle-work, or with a single line and crossings 
for the return tnicks. The inclination given to these does not generally 
exceed 25® or 30®, and the motive power employed is usually a steam- 
engine, giving motion to a winding-drum. The truck in most cases con- 
sists of a triangular framework Avith two pairs of wheels, of unequal 
diameters, supporting a platform on which are placed the iron wheel- 
barrows used in charging. Chains or wire-ropes are used for raising the 
load. Where large quantities of material have to be elevated to a con- 
siderable height, it is now more usual to employ a perpendicular lift, by 
which the charges are raised by means of cages moving between vertical 
guides. 

Lift at Newport , — The mode of arrangement and the nature of the 
power employed vary in different establishments, but the woodcut, fig. 72, 
page 242, copied from a paper read by Sir B. Samuelson before the 
Institution of Civil Engineers, represents an elevation of the furnace- 
hoist used at the Newport Iron- Works, near Middlesborough. 

The entire lift to the charging platform of the furnaces is 92 feet, 
and the motive power, instead of being below, as is frequently the case, 

Q 
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is placed overhead, and consists of a double-cylinder engine, a, provided 
with link motions. The diameter of the cylinders is 8 inches, and the 
length of stroke 12 inches. On the crank-sliaft are two pinions working 
into wheels on an intermediate shaft. On the middle of the latter is 
keyed a larger pinion, gearing into the main spur wheel, h (represented 
by a dotted line), 12 feet in diameter, which is flanked on either side 
by a deeply grooved pulley carrying a steel rope, 1;^ inch in diameter. 
These ropes fit the grooves with a considerable degree of exactitude, and 
only pass half round their respective pulleys, the ends being attached, in 
pairs, to the two cages, c. By this arrangement, while one of the cages 
is ascending, the other is going down, the work being accomplished by 
the friction of the ropes in their respective grooves. 

In order to secure equal tension on both ropes, their attachment to 
the cage is effected by a double lever, which immediately yields to 
any unequal stretching of the ropes. The cages are steadied in their 
upward and downward course by guides fastened to the columns which 
support the platform. The weight raised at each journey is about two 
tons, although a much heavier load can be lifted without any slipping of 
the ropes. 

It will be observed that the moment the descending cage touches the 
ground the strain on the ropes is relieved, so that they will no longer 
hold sufficiently in the grooves to enable the ascending cage to be 
raised any higher; this slipping of the ropes renders over-winding 
impossible. The great length of steam-pipe required for working the 
engines at this elevation is not found, practically, to be objectionable. 
The engines usually make about 150 strokes per minute, and, calcu- 
lating for loading and unloading the cages, they are capable of making 
one lift per minute, or of raising 120 tons of material per hour. 

Water- Balance , — The old water-balance lift consists of two cages 
moving vertically, and guided in the usual way, united by a lope or chain 
passing over a pulley. Below the floor of each cage is a water tight box, 
provided at bottom with a discharge- valve. When the cage with the 
empty box is at the toj) of its course, water is run into it until its weight 
becomes sufficient to overbalance the other cage with its load, the speed 
of its descent being regulated by a brake on the pulley around which the 
rope or chain ])asses. As soon as the descending cage reaches the ground, 
a projecting spindle in the discharge-valve is forced upwards and allows 
the water to escape, leaving the cage ready for another ascent as soon as 
it is loaded. The principle objection to this arrangement is the difficulty 
of preventing leakage from the tanks, by which the lift-house is constantly 
kept in an untidy state. 

Lifts are also sometimes constructed upon the system of Sir W. Arm- 
strong, where the cage is lifted by the action of a hydi’aulic ram, of which 
the course is multiplied by a chain passing over a system of compound 
pulleys. Pneumatic lifts are extremely convenient, and are much used 
in the iron- works of this country. 
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Faniaeo-lloist, Ayresome, — Fips. 73 nnd 74 represent a funiflce-lioist 
on the pneumatic piineiple erected by ^Ir. Gjeis at the Ayresonio Iron- 
Woiks, Middlesboroiigh, which consists of a 36-inch cylinder, a, tlie 
whole height of the furnace, made up of flanged cast-iron tubes, lipped, 



Fig 73 — Funiato lioist, A>reftomo Iron-Works, clevution 

boated together, and accurately bored throughout. In this cylinder 
works a heavy j>iston, lightly packed with a cotton jacket, which also 
forms a balance- weight, and is sufficiently heavy to balance the table, 
with four empty ba^'ow^s, and a portion of the load. From this piston 
four w’ire ropes jiass over four pulleys, Z>, oveihead, down to each 
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corner of the table, which is 15 feet square, surrounds the cylinder, and 
is guided by four shoes on the table, working in wooden guides on the 
cylinder. This leaves plenty of room for four barrows being placed 
round the cylinder, the table having a palisading around with openings 
on two opposite sides, so that the barrows are run on at one side at the 
bottom, and run off on the opposite side at the top. The bottom of 
the cylinder is connected with a pair of single-acting air-pumps worked 
by a pair of steam-cylinders at an angle of 45\ Eetw^een the puinj s 
and cylinder is a reversing-slide, so arranged that, by moving it in one 
direction, the delivery of air is put in connection with the cylinder, and 
the exhaust with the atmosphere ; by moving it the reverse way, the 
(‘xhaust is in connection with the cylinder and the delivery with the 
atmosphere. The table and empty barrows being at the top, the piston 
will be at the bottom ; the engine being started, air is forced into the 



¥ 1 ^. 74 — Furnacc-Hoibt, Ayresome Iion-Woiks; plan. 

cylinder under the pi&ton, and about 2 lbs. j)ressuro will lift the piston 
and bring the table down. When the engine is stopped, the full barrow 
having been ])ut on the table, the slide is reversed ; tlie piston being now 
at tlie top and the engine started, air is removed from under the piston 
and a partial vacuum produced ; the atmospheric pressure acting on the 
top of the piston now brings it down and the table up, till, arriving at 
the top, the engine is again stopped. Heavy ironstone barrows, carrying 
about 50 cwts. of stone, leaving about 40 cwts. unbalanced, require a 
vacuum of about 4 lbs. to bring the piston down ; whereas coke weighing 
only 20 cwts., with about 10 cwts. unbalanced, is brought up with a 
vacuum of <about 1 lb. The engine is worked, stopped, and started like 
a winding-engine, the speed at 'which the table is brought up or down 
depending upon the speed at which the engine is run. 

The cylinder being open at the top, the rope, shackles, and piston- 
packing are always accessible. The air-pumps are simply a pair of small 
single-acting blowing-engines, exhausting air by one pipe and delivering 
it by another, the suction-flaps being on one side and the delivery-flaps 
on the other. 
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It will be noticed that the table being connected with the piston by 
four ropes, no serious accident could happen unless all were to break at 
the same time. No run-away is likely to take place, as the piston can 
neither go Tip nor down faster than air is introduced or removed from 
below it. The pull on the ropes being through the elastic medium of 
the air, much less strain is thrown upon them than is the case with direct 
winding. 

Kiln-Hoist^ Ayresoine, — Figs. 75 and 76 are front and side eleva- 
tions of a hoist employed at the same works for lifting large railway 
trucks upon the depots and kilns ; this is also a pneumatic lift, working 
exactly on the same principle as that just described, but is arranged Tvith 
two cylinders, a, each of 48 inches diameter, with the table between them. 
From each piston wire ropes, ?>, pass over pulleys overhead, lap once 
round, and down to the table corners. The opposite jmlleys are keyed 
on shafts, c, as shown, so as to maintain parallelism. There is also a 
safety chain, ff, on each side, which ordinarily does not take any Tveight, 
but comes into play in case of the breakage of a rope. The weight to be 
lifted is fiom 15 to 16 tons, and it requires a vacuum of about 6 lbs. to 
bring the pistons doum and the table up, the Ixilancc being such that it 
requires a pressure of 4 lbs. to bring the empty table down. Tlie engine 
to work this lift is precisely similar to that for the funiace-lift, but i> 
worked at a much slower sjieed. The lieiglit to wliich the trucks are 
lifted is 35 feet, and with four furnaces it will be retpiired to lift at least 
6,000 tons per week, including the weight of the trucks. 

An empty-waggon drop is also employed at the Ayresome Works, 
which acts on the pneumatic principle, and is constructed similarly to 
the lift, with this difference, that the cylinders are only 36 indies in 
diameter, and the ropes, table, <kc., lighter. lnst(‘a<l of the lift pi^ton> 
liaving a space beneath them, and being connected with an engine, a 
bottom is put into each cylinder on uhich the justons come down. Close 
above this bottom, on each cylinder are valves, one set communicating 
with the atmosphere, and the other through a pipe with the general blast- 
main, both sets being actuated by handles on the top of the d(‘pOts. The 
table being at the top and the pistons at the bottom, and both sets of 
valves being closed, the empty truck is run on ; the balance of the pistons 
being such that the table, with truck on, is somewhat heaviest. As long 
as the valves at the bottom are shut, however, the table cannot raise tlie 
pistons, as immediately they move a partial vacuum is formed below 
them ; the moment, however, the valve communicating witli tlie atmos- 
phere is opened, the extra weight of the table pulls the pistons up, draw- 
ing air after them through the valves. This constitutes an air-brake, 
and is entirely under control ; the descent can be stojiped at any time by 
shutting the valves, and the speed of the fall regulated at pleasure. On 
the table arriving at the bottom the truck is run off, but before doing 
80 , the attendant changes the handles at the top — that is, shuts the 
valves to the atmosphere, and opens the set communicating with the 
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‘blast-tuHng, ttms producing a x)ressuTe under the piston of 4 lbs. This 
is for the purpose of supporting the heavy pistons when the truck is 
run off ; but it also has an ulterior object, as the balanced weight of the 
pistons is such that they will descend against the 4 lbs, pressure, thus 
forcing the two cylindersful of air into the blast-tubing. It will thus 
bo seen that for every empty truck which descends this drop a certain 
amount of air is forced into the blast-main. Direct-acting steam-hoists 
are also frequently employed in the North of England for lifting trucks 
to the depots or kilns. 


Smelting. 

Fuel used in the Blast-Furnace , — The fuel used in the blast-furnace 
is usually either charcoal or coke, but both raw coal and anthracite are 
likewise extensively employed. Owing to its freedom from sulphur 
and other impurities, charcoal yields pig-iron of superior quality to that 
smelted from the same ores with coke, but the immense consumption 
of wood entailed, renders the manufacture of charcoal iron difficult in 
any but thickly wooded districts, or such as have cheap communica- 
tion with similar districts in the neighbourhood. In England char- 
coal furnaces are entirely abandoned, and their number is constantly 
diminishing on the Continent of Europe. In the Styrian Alps the local 
supply of charcoal is supplemented by importations from the Lower 
Daiiube, involving a railway journey of several hundred miles. Peat 
and dried wood have occasionally been used in admixture with charcoal, 
but the experiment has never proved to be permanently satisfactory. In 
the United ^States the production of charcoal-pig is still comparatively 
large, though less than it was formerly. 

Coke for blast-furnace use is valued in proportion to its freedom from 
ash and sulphur. The former may range from 5 to 15 per cent., and the 
latter from 0*3 to 1*0 per cent. Its physical structure is also of import- 
ance ; the hard silvery columnar varieties, produced at the highest heat, 
being j)referred to the dark, dull kinds produced at lower teniperatures. 
Formerly it was considered that the coke from whole coal was stronger 
than that made from slack, but opinion has changed upon this point, and 
it is now* common to grind caking coal as a preliminary to coking. It is 
still matter of opinion whether extremely dense coke is the most econo- 
mical. "What is most required is that it should resist oxidation by heated 
carbonic acid in the upper regions of the furnace (to avoid an unneces- 
sary production of carbonic oxide), but burn freely when brought under 
the influence of the blast from the tuyers. A hard and at the same 
time somewhat coarsely vesicular fuel seems to be the best. Sir I. L. 
Bell has found the smelting value of coke made in ovens utilizing the bye- 
products of the gases to bo about 10 per cent, below that made in the 
ordinary beehive oven. Anthracite, although one of the purest of mineral 
fuels, is from its great density and impermeability less advantageous to 
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the iroiirsraelter than might be expected. In South Wales a further dis- 
advantage is experienced from tlie tendency to decrepitation, which makes 
it necessiiry to Avork with an open tymp, so as to be able to clear out the 
small particles of antliracite that have escaped combustion and accumu- 
lated in the hearth. The antliracite of Pennsylvania does not decrepitate 
to the same extent when heated, and is therefore better suited for blast- 
furnaces tlian that of South Wales. It is much used in the North- 
Eastern States, especially in Pennsylvania and New York, but even there 
it is being largely replaced by coke. 

Kaw coal for blast-furnaces must bo of a non-caking kind, and Avheu 
of a suitable quality it is perhaps the most advantageous fuel. The 
principal localities in Avhich it is used are the West of Scotland and 
North Staffordshire, South Staffordshire, and Derbyshire. It is used to 
some extent in admixture with coke. In the United States the so-called 
block coal, which resembles the splint coal of Scotland, is used in the 
blast-furnaces of Indiana. 

Bloicing-in — The blowing-in of a blast-furnace is an oj)eration neces- 
sitating considerable care, since if too hastily effected great injuiy to the 
masonry Avould result. When a furnace has been made ready for 
bloAving-in by building up the tuyer-hole.s, Arc., a quantity of rough dry 
timber is placed in the hearth, filling it to the height of from 5 to G feet ; 
on this is piled coke until it reaches and tills the boslies. Fire is now 
applied to the timber, Avhich quickly communicates it to the coke above, 
and regular charges of calcined ironstone, lim(‘stone, and coke are added 
until the materials reach the throat of the furnace. The relative amounts 
of ironstone, limestone, and coke employed vary in different localities ; 
but in the neighbourhood of Merthyr Tydvil, in South Wale.«, they are, 
according to Truran, often in the proportions of 51 cwts. calcined iron- 
stone, cwt. limestone, and 4 cwts. of coke. 

The furnace having been in this way gradually filled to tlie throat, 
the blast is turned on to the extent of about one-fiftli of tlie volume 
usually employed. For a furnace intended to be blown with 4-incli 
nozzles, the fir>t .‘^et should have a diameter of IJ inch; aftiT blowing 
about thirty hours, these may be replaced by others 2.1 inches in diameter ; 
and at the expiration of three days these may be exchanged for SJ-iiich 
j)ipes. Py the close of the third week the size may he increased to 3jJ 
inches, and in four or five Aveeks after bloAving-in, full-sized pipes may 
})e used. 

Shortly after the a<lmission of tlie blast, the Avorkmen commence 
clearing the hearth beloAV the tuyers for the reception of slags, Avhich 
begin to make their appearance about tAvelve hours after beginning to 
blow. In twenty-four hours these will iiave filled the bottom of the 
hearth. 

The metal, which usually makes its appearance about twelve hours 
after the cinders, will, in a furnace of a cajiacity of 7,500 cubic feet, 
accumulate to the amount of from 3 to 4 tons at the expiration of 



IRON. 


25 1 

sixty hours after the admission of the blast. Eighteen hours later, 
another casting of 2 tons of metal may be made, and thenceforward the 
castings may be performed at the usual fixed periods. The old method 
of supporting the charges of a furnace on a “scaffold” during the 
process of blowing-in is now seldom resorted to. When this system 
is adopted, a grate of iron bars is made across the hearth on a level with 
the top of the dam-plate, and as soon as the first charge of ironstone 
reaches this point, the bars are withdrawn and the blast turned on, 

Desemt of Charr/eit . — The respective amounts of ironstone, flux, and 
fuel required for the production of iron of a given quality having been 
determined, it is important that their relative proportions should be 
maintained unaltered in the consecutive charges by the workmen engaged 
in filling, and, for their guidance in this respect, weighing-machines are 
j)Iaced in the various barrow-roads over which the charges are transported. 
In small charcoal furnaces, the different ores and fluxes are usually made 
up in suitable j)roportions in alternate layers one above the other, and 
the mixture obtained by making a vertical section of the heap is charged 
into the furnace. In coke furnaces, the ore and limestone are charged 
separately, or they may be placed in the charging-barrows in distinct 
strata. 

In order to obtain regularity in the action of a furnace, the column 
of descending materials should be uniformly heated by the ascending 
current of hot gases. There is, however, in practice, considerable diffi- 
culty in attaining this result, since the upward gaseous current follows 
the sides of the furnace, whereas the flow in the centre of the mass is 
comparatively insignificant. The descent of the solid charges, on the 
other hand, takes place under very difierent conditions, because the frag- 
ments of which they are composed are sensibly retarded by friction 
against the masonry of the furnace. Tiie central portions are not thus 
affected, and, descending more ra})idh% they have a tendency to become 
less heated than portions of the mixture occupying a position in which 
the motion is less gradual, and where a more elevated temperature 
prevails. 

From this cause the central portions of the successive charges, de- 
posited in the throat of the furnace in approximately parallel layers, over- 
take the sides of those which precede them in the series, and thus, at 
a certain depth below the mouth, the contents of the furnace become 
intimately mixed, a nearly iiniforni heat being the result. 

The distribution of the materials in a furnace is also materially 
affected by the arrangements adopted for charging, which may leave the 
upper surface of the column either horizontal, as an upright, or an 
inverted cone, or as a combination of the two, resulting in a conical heap 
with a funnel-shaped depression in its centre. When the upper surface 
of the charge assumes the form of a cone, the fragments of ore and fuel 
dropped upon it from above take up positions in conformity with their 
differences of form and density. A large proportion of the ironstone 
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will remain where it first falls, while the lighter fuel, whicli is usually in 
larger fragments, rolls down the slope and arranges itself around the 
periphery of the base, thus establishing the worst ])OSsiblo combination 
of circumstances by allowing a free passage to the gjises around the 
sides, while a dense core of almost impermeable ore accumulates in the 
centre. 

Wlien the charges are distributed around the circumference of the 
throat, the surface forms a conical cup, tlie lighter fragments rolling 
inwards towards the centre, while the ore accumulates in the vicinity of 
the walls. This tendency of the fuel and larger masses of ore to settle 
in the middle, forming a central, readily pt‘rmeable column, results in a 
more equal distribution of the draught over the entire horizontal section, 
while the bulk of the ore descends slowly through the region most highly 
heated by the current of ascending gases. These conditions are favour- 
able to uniform and economical working, but in the c.'ise of furnaces 
having wide throats, the central draught may sometimes become so active 
as to result in an undue consumption of fuel, and the constant contact 
with ironstone is liable to produce an ero&ive action on the brickwork of 
the lining. 

Tapping . — The remo\al of the liquid metal is called iapping^ and is 
effected by piercing, with a long bar, a plug of sand and clay with which, 
during the jirevious operation, a hole com- 
municating with the liottom of the hearth has 
been closed. Before jiroceeding to tap, the 
workmen prepare the moulds or ]tfg-bnl^ iig, 
77. This consists of a series of jjarallel de- 
])re5»Mons of the shape of the ])ig re({uir<‘d, 
which are connected by feeders, />, with the 
main channel, a, communicating with the tai>- 
hole. The bla>t is now shut off, the fore part 
of the health is opcmed, and tlie plug of re- 
fractory material removed ; this allows the 
melted iron to flow into the lowest line of 
mould.s, and wdien these are filled tlic current 
is stopped by a dam of sand at </, whicli allows 
the next row to fill, and so on until tlie hearth 
is emptied. The pig-bed'<, as a rule, are made 
of ordinary siliceous sand, but sometimes granulated slag is preferred. 
For forge purposes and in making manganiferous in(*tal, heavy chill- 
moulds of ca.st-iron are used. 

The semi-cylindrical bars or pigs are united by one of the shape of 
the channels ft, called a soiv, from which they are ea.%ily separated by being 
broken off at the point of connection. When the whole of the metal has 
been drawn off, the blast is again admitted into the furnace, and smelting 
operations are repeated as above described, until, from the quantity of 
xuetal accumulated, a second tapping becomes necessary. 
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Blowing-out — Whenever it becomes necessary to pnt a furnace out 
of blast, for the purpose of repairs or for any other reason, the burden is 
for some time reduced, in order that the temperature of the hearth may 
be increasetl, for the purpose of removing obstructions only fusible at a 
high heat. 

The gas-tubes and other metallic fittings of the throat are next 
removed, and charging liaving been suspended, the contents of the 
furnace are allowed to burn down ; the last tapping is made from a point 
as low down as possible in the hearth. 

The hearth is frequently found to be more or less obstructed by im- 
perfectly agglomerated masses of malleable iron ; and detached crystals, 
or even lumps, of considerable size, of a copper-coloured substance, 
Ti 5 CN 4 , whicli was formerly supposed to be metallic titanium, are found 
adhering to the brickwork. 

It sometimes happens that, either through want of material, or by 
some accident to the macliinery, it becomes necessary to suspend the 
operations of a furnace during several successive days. This may often 
be done by liermctically closing the throat and tuyer-holes with sand 
or clay ; but should the interim ption extend over a period of more 
than a week, cooling takes place to such an extent as to cause agglomera- 
tions liable to render the abandonment of the furnace necessary. 

Varieties of Tig-iron. — The metal produced in the blast-furnace 
is known by the general names of ing4ron^ 2 ng-metal^ or cast-iron; in 
French fonte, and in German Rahdsen. Apart from the more mangani- 
ferous varieties, for wliich sj)ecial names are adopted, the classification 
employed is a numerical one, depending U|X)n the grey ness of the frac- 
ture. Tlie most coarsedy cry^^talline and darkest, or most graphitic metal, 
is rated as No. I , while No. 11. is of a smaller crystalline texture, and 
so on, the fracture becoming finer grained and more uniform up to Nos. 
IV. or V., at which point the limit of mottled-iron is reached. The frac- 
ture showing alternations of grey patches in a white base or the reverse, 
gives rise to qualities known as strong- and weah-mottled respectively. 
When the granular grey patches are entirely absent, the fracture becomes 
nearly uniform, with a dull silvery lustre, or that of white-iron. 

The difference between white and grey pig-metal depends chiefly upon 
differences in the amount of graphitic carbon present, which is almost 
entirely absent in the former and reaches a maximum in the latter. The 
separation of graphite is, however, promoted by the presence of silicon, and 
therefore the higher or “riclier” classes of grey-metal. Nos. I and II., 
usually contain a notable proportion of that element. These are especially 
valuable for mixing purposes in foundries, although not fitted for the 
production of castings alone. The standard number for general foundry 
work is No. IIL, and it is this quality whicli it is sought to produce 
on a large scale in Cleveland, the higher numbers requiring a larger 
consumption of coke. 

The special qualities known as Nos. I. and II. Bessemer pig differ 
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from the same Nos. of foundry iron by their freedom from phosphorus. 
They are smelted from magnetite, haematite, or other of the purer kinds 
of ore, and may contain a large amount of silicon with advantage. 

Grey pig-irons low in silicon, such as are smelted from ores contain- 
ing a small proportion of manganese with charcoal, or, as is still done to 
a small extent, with coke and cold-blast, are known as strong foundry 
ironsw These are specially adapted for the production of objects with 
liardened or chilled surfaces by casting in metal or chilled moulds, such 
as rolls for forges, paper-, flour-mill.^ and railway wheels. The car-wheel 
iron of America and the Staffordshire cold-blast pigs are examples of 
this kind of metal, which is also applied in the proiiuction of malleable 
castings and many small objects of cast-iron which are superficially con- 
verted into wrouglit-iron by heating them in powdered haematite. For 
this ])urpose almost entire freedom from manganese is necessary. The 
type of this class of metal is the Lome pig-iron, formerly smelted with 
charcoal from Cumberland lm?matite. 

White pig-metal being principally used for conversion into malleable 
iron, should contain a minimum of carbon, and as little silicon, ]>hosphoru8, 
and sulphur as possible. These conditions, however, can only be realized in 
.Muelting very pure ores, such as the spathic ores of Styria or the Swedish 
magnetites, with charcoal, when the metal obtained is almost entirely free 
from silicon and sulphur. When mineral fuel is used, it is difficult to 
prevent the metal taking up sulphur unless the ore contains manganese, 
as the use of sufficient limestone flux for complete desulphurization is 
excluded by the necessity of producing a modenilely fusible slag, other- 
wise the metal will take up silicon and l^ecome grey. The necessary 
fusibility in such cases is contributed by other bases, such as the oxides 
of iron and manganese, producing a dense, dark-coloured slag, which 
is excessively corrosive or scouring in its action on the funiace. 
White-iron is essentially the product of a heavily bunlened furnace 
working with rich and easily fusible materials, such as haematite and forge- 
cinders, and consuming a minimum of fuel j>er ton of metal produced. It 
was at one time largely made in South Wales for rail-making, but since 
the use of steel for this purpose has become general, its importance has 
considerably diminished. 

When white-iron is produced by furnaces that are burdened for grey- 
metal, it indicates some derangement in tlie working conditions, which 
must be corrected by modifying the fluxes and increasing the relative 
proportions of fuel to burden. 

Manganiferous Pig-Metal .. — The presence of manganese in j)ig-iron 
is advantageous, except in the case of metal intended for making malle- 
able castings, or when a high proportion of silicon is desired. The 
reduction of manganese oxide can only be eirectcd by contact with solid 
carbon at a temperature considerably above that at which manganese 
silicate is formed by the contact of manganous oxide and silica, and 
this silicate, when once formed, can scarcely be reduced. The loss of a 
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considerable portion of tbe metal in the slags is therefore a necessity in 
smelting manganiferous ores. Manganese takes up twice as much carbon 
as iron, but retains it in the combined condition up to about 6 per cent., 
giving a white metal with a more or less platy crystalline structure. 
When the plates are small, so that the fracture has a radiated fibrous or 
finely columnar structure, the metal is known as Weissatrahl in Germany, 
or fonie-'i'vhanp'e in France.^ This contains up to about 4 per cent, of 
manganese and combined carbon, and is the principal product of furnaces 
smelting spathic ores with coke for forge purposes, being easily made, 
and valuable as a material for conversion into wrought-iron and puddled 
steel. When the proportion of manganese amounts to 8 or 10 per cent., 
the metal has a large, platy, crystalline fracture, the separate plates being 
often more than an inch broad, giving the structure characteristic of spiegeh 
eisen (mirror iron), which term, in the contracted form of “ spiegd^^* 
is now in general use in every iron-making country. The characteristic 
spiegel structure is apparent in metal containing 20 to 25 per cent, 
of manganese, but with higher proportions of the latter the fracture be- 
comes fine-grained, generally resembling that of a hard white bronze, and 
the metal is no longer magnetic. With still higher proportions of man- 
ganese, 50 per cent and u])wards, an acicular crystalline structure is 
developed, somewhat resembling that of sulphide of antimony. These 
liigher manganese iron alloys, known as ferromanganeae^ have been made 
up to a maximum content of about 88 per cent, of manganese and 7 per 
cent, of carbon. They are exclusively used as additions in the final 
operations of steel-making by the open-hearth and Bessemer processes. 

As manganese oxidizes very readily, the characteristic colour of a 
manganiferous pig can only be seen on a freshly fractured surface. The 
surfaces of spiegeleisen are, when w^ell crystallized, generally tarnished 
with a steel-blue iris, and the richest ferro-mariganese oxidizes and disin- 
tegrates when exposed to the air for any length of time. From the ana- 
l 3 "ses of different samples of ferro-manganese given on p. 257, it will be 
seen that the amount of silicon and phosphorus increases with that of 
manganese. 

Siliciferous Pig-MetaL — Pig-iron in which the proportion of silicon 
notably exceeds that of carbon, while retaining the characteristic struc- 
ture of the Ijighcr foundry Nos., is lighter in colour. This so-called 
“ glazed-” or “ glazy -iron ” is produced when the furnace is in the highest 
working condition, z.c., when lightly burdened and developing a maxi- 
mum temperature in the hearth, with highly heated blast. According 
to M. Athaire, the use of aluminous fluxes as a means of rendering the 
slags refractory, also favours an excessive reduction of silicon in furnaces 
burdened for grej^-iron. To a very limited extent glazy-iron may be 
used in foundry mixtures ; but as it is too weak to be made into castings 
alone, and cannot be converted into malleable iron on account of the 

^ Literally white-rayed and ribboned-metal. There is no English equivalent term, 
ai it is not made, as u rule, iu tliis country. 
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enonnous waste of fettling in tlie puddling-furnace ; it is rarely made 
except by accident. A tendency to over-reduction of silicon is corrected 
by lowering the blast tempeniture and increasing, for a time, the ore 
burden in the furnace. 

The richer kinds of manganiferoiis metal may be made to take up a 
much larger proportion of silicon than ordinary pig-iron, and alloys of 
this kind, with 10 per cent, and upwards of silicon, known as ferro- 
silicon ^ or silicife, are now made for use in tlie production of mild steel 
castings. A small addition made to the metal in the ladle prevents the 
formation of blow-holes in the finished casting. 

Piij- Metal . — The method of dephosphorizing in the 
converter introduced by Thomas and Gilchrist has created a demand 
for a s[)ecial variety of pig-iron, containing a maximum of phosphorus 
and a minimum of silicon ; exactly the opposite of what was recpiired 
in the Bessemer process, as originally carried out. Other essentials are the 
presence of a notable quantity of manganese and freedom from sulphur. 
This iron is produced in large quantities from the manganiferous browm 
iron ores, of Ilsede in Hanover containing phosphorite, with the addition 
of puddling-furnace cinder. It resembles ordinary white-iron or low 
spiegeleisen, and contains from 31 to 5 J per cent, of manganese, and from 
2 to 3 per cent, of phosphorus. At Seaton-Carew, Durham, similar 
so-called TJvnnas is made with as much as 7 per cent, of 

phosjdiorus. 

The power of resistance of cast-iron to strains variously aj)plied differs 
in accordance with the quality and composition of the metal. Xo. 1 jug 
is soft and deficient in strength, as compared M’ith lower (jualities made 
from the same ores, and, con.sequently, for foundry pur])o-es it is customary 
to so blend the different kinds of metal as to obtain a mixture suitable 
for the casting to be produced. Silicon is believed to prejudicially affect 
the strength of ca.st-iron, and it may be from the j)resence of a larger 
amount of this element in hot-blast metal that its strength is inferior to 
that smelted by the cold-blast. 

The maximum and minimum limits of strength of British pig-iron, 
as deduced from experiments made at the Woolwich Arsenal (18JG-59), 
are as follow : — 




Minimum 

M.axinnim 

Specific gravity. 


. 6 886 

7*289 

Tensile strength per wjuare inch 

. 4*85 tons 

]4'0r> tons. 

Transverse „ „ 

>» 

. L37 „ 

4*47 „ 

Torsional „ 

»> 

. 1*74 „ 

3-44 „ 

Crushing „ „ 

>» 

. 22-54 „ 

58-42 „ 


Tensile strength was determined by tearing asumler short columns of 
1 *3 inch in smallest diameter. Transver.so strength was determined by 
taking the mean of a number of values derived from breaking bars 22 

* Silico’ferro^manganeie would be a mare exact description. 
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inches long and 2 inches square. Torsional strength was determined on 
round bars 8 inches long between the points at which the twisting force 
was applied. The crushing strains were deduced from cylinders 1 *3 inch 
high and 0*6 inch in diameter. 

The lowest values were obtained from iron made from sandy brown 
ores, and the best from hsematite and from argillaceous carbonates, 
smelted either together or separately with cold-blast. 


Composition of Pia-IiioNs. 





C.i 


SL 

P. 

8 

Mn. 

Fe. 

1. 

Orejf-Irons. ^ 

Coltness, No. I. Foundry 

a. 

3*30 

b. 

0*20 

c. 

3.50 

0 98 

0*02 

1*58 


2. 

Langloan, No. II. ,, 



3*22 

2*;^ 

0 51 

... 

1*21 


3. 

Chirence, No. III. „ 

216 

0*65 


1*79 

1*80 

010 

0*56 


4. 

Workington, No. I. Bessemer . 

3*85 

0-24 


2*20 

0 10 

0*05 

1*15 


5. 

Horde Manganiferous ,, 

3 20 

0*35 


2*20 

0*30 

0*08 

6*70 


C. 

Strong Foundrg Irons. 

Lerbach, (jharooul Cold-blast, No. II. 

3*85 

0*48 


0-79 

1-22 

0*02 



7. 

Bowling, Cold-blast, No. I. 



2-99 

0*97 

0-50 

005 


... 

8. 

Grazebrooks, Cold-blast, No. I, 

307 



1*48 

0 43 

0 03 

0*96 

... 

9. 

Finspong, Gun-foundry Iron . 

2*17 

1*75 


0-97 

0*05 

0*12 

0*19 


10. 

Forge Pig-Irons. 

Cleveland, mottled .... 



3*55 

0*66 

1*05 

0*35 

0*79 

93*95 

11. 

Bowlais ,, 



2*95 

1*96 

0*6:1 

0*28 

0 23 

• •• 

12. 

Cleveland, white .... 



3*20 

0*64 

1*32 

0*20 

0 60 

• •• 

13. 

Dowlais .... 



2*84 

1*21 

0*64 

0*46 

0*14 


14, Luxemburg ,, .... 

110 

0*47 


0*40 

1*62 

0*30 

0*44 


15. 

Lome, Charcoal, white . 



3-69 

0*28 


0*01 

0*06 


16. 

Silicon and Phosphorus Pig-Irons. 
Glazy-Iron, Clarence 

2 59 

0*79 


513 

1*12 

017 

0*77 

8818 

17. 

St. Louis. Silicon-Pjg 

3*44 

0*21 


4*89 

0*06 


0*84 


18. 

Ilsede, Basic-Pig .... 



2*68 

0*11 

3*29 

0*04 

384 


19' 

Mangantferous Pig-Metal. 

Bisenerz Weissstahl 



3*40 

0*09 

0*02 

0*77 



20. 

Wissen Spiegeleisen 


4*10 


0*25 

0*03 

0*06 

li-io 


21. 

French ,, ... 



5-25 

0*46 

008 


20*50 

75*86 

22. 

,, Ferro-manganese 



6 00 

0*46 

013 


51*80 

41*70 

23. 



5*40 

2*73 

0*24 


74*00 

18*20 

24. 

• • 

,, FeiTo-silicon 



6*50 ! 1*49 1 0 29 


87*90 

6*78 

25. 


• 

2*65 

1 

10 20, 0-18 

1 


20 50 

66*75 


Production of Plast-Furnaces. — The greatly increased production 
of the modern blast-furiiace, as compared with those of older date, is 
partly due to its larger size, and partly also to the proportionately large 
amount of blast with which it is now supplied. The time necessary 
for the com})lete reduction of the ore, previously to actual fusion, is 
depenilent on many variable elements, such as its richness, composi- 
tion, porosity, and density, the nature of the fuel, &c. It is therefore 
necessary, in order to obtain any given result, with regard to either 

^ Of the three columns under C., the first, a, gives the amount of graphitic carbon, 
the second, that of combined carbon, and the thii'd, c, the total amount of that 
element present. 


R * 
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quality or produce, to ascertain by actual experiment, for each parti- 
cular furnace, the amount of blast, burden of ore, and admixture of 
fluxes which should be employed. The more completely the materials 
are exposed to the action of the ascending gaseous current, all otlier 
conditions being the same, the shorter will be tlie time necessary for 
reduction, and it is consequently important that, by the use of suitable 
charging and gas-collecting apparatus, the flow of gases through the 
mass should be rendered, as far as possible, uniform. The free escape 
of gases from the top of the furnace must specially be provided for, and 
on this account methods based upon their collection above the surface 
of the charges are to be preferred to those in which lateral flues pene- 
trating the walls below the level of the throat are made use of. If the 
pressure of the blast delivered to a furnace be kept constant, wdiilo the 
volume is increased, a tendency to produce wliite-iron will be developed. 
On the other hand, by increasing both pressure and temperature, espe- 
cially if the ores be of a refractory character, the production of mottled 
or grey-iron is likely to be the result. 

Charcoal Furnaces . — The Styrian furnaces, wliich are remaikable 
for their large production as coiujiared w’itb their small volume, consist 
of two truncated cones united by their bases ; the throat is very narrow, 
and they differ from other blast-furnaces in being without a fore-hearth. 
The metal and slag are allowed to accumulate in the hearth, whence they 
are removed by fre<|uent tappings, as many as sixtecui casts being some- 
times made in the course of twenty-four hours. The ores treated are 
chiefly spathic carbonates, poor in manganese, and more or less changed 
by oxidation and loss of carl)onic anhydride into brown hrematite. In 
order to free the ironstone as completely as possible from suljdiur, it is, 
after roasting, exposed to the action of the w'eatlier for a jH*riod of from 
two to three years. Tln^ ores treated contain from 35 to 55 |)er cent, of 
metal, and the object sought is the production of white-pig for the maim 
facture of bar-iron witli a minimum expenditure of charcoal. In order 
to attain this end the funiaces are w^orked wdtli a very heavy burden, care 
being taken to counteract the tendency to form obstructions by intro- 
ducing at regular intervals charges of fuel w’iihout ore. Some of the 
ores treated are so con.stitute{l as not to lequire the addition of fluxes, but 
they generally contain so large a proportion of lime as to render a mixture 
of siliceous and argillaceous materials necessary. 

Von Fisclier’s funiace, Vonlemberg, is one of the smallest in tlie 
world, its total height being 28 feet, its width at the })Oshes 6 feet, and 
its cubic capacity 452 feet. The usual charge of this furnace consists of 
223 lbs. roasted ore, 15 lbs. clay, and 4 lbs. of the granulated pig-iron 
recovered by stamping and washing tlie slags ; to this are added 95 lbs. 
charcoal. This furnace is tapped at intervals of ninety minutes, fourteen 
charges, including a blank one of fuel without burden, being made during 
the same period ; the daily pro<luction of pig-iron is 7.J tons. 

Von Fridau's furnace, in the same district, is somewhat larger than 
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the above ; its height is 42 feet, its diameter at the boshes is 7i feet, and 
its capacity 1,052 cubic feet The full charge consists of 6 cwts. of 
roasted ore, to which are added 10 per cent, of clay, and about 10 lbs. of 
granulated metal from the slags. Fifteen and a half cubic feet of soft pine- 
charcoal, weighing 101 lbs., are employed with each charge, and the 
burden of ore is gradually raised from 3 to 6 cwts. per charge, and after- 
wards successively diminished in a similar way ; a blank charge of fuel 
without ore being introduced at each change from an increasing to a de- 
creasing burden. The production of this furnace varies from 18^ to 20 
tons daily, and the tuyers, which incline at an angle of 5°, cause the 
hearth, to some extent, to act as a refinery. 

The largest Styrian charcoal furnace at Trofaiach, 52 feet high, 9|- 
feet diameter of boshes, and of about 2,050 cubic feet capacity, smelts 
from 90 to 125 charges daily, producing from 30 to 40 tons of metal. 
The spathic ore, 46 per cent, produce, is used in the proportion of 
g roasted to | raw, together with siliceous clay or puddling-furnace cinder 
as flux. When the latter is in more than fluxing proportions, a corre- 
sponding addition of caustic lime is added. The consumption of cliarcoal 
is 13^ cwts. per ton of white forge-iron, with blast at about 350“ C. 

The blast-furnaces employed in Sweden are, in many respects, similar 
to those of Styria, but they are provided with a small and narrow fore- 
hearth. Their capacity is usually inconsiderable, varying from 600 to 
2,500 cubic feet. The best varieties of Swedish ores are known as “ self- 
fluxing, '' and contain earthy materials in such proportions as to afford 
fusible slags without further addition. The ores of Dannemora, Lang- 
banshytta, and Langshytta are of this description, and contain from 50 
to 60 per cent, of iron. At the last-named locality the charges, even 
after the addition of from 3 to 5 per cent, of limestone, sometimes con- 
tain above 60 per cent, of iron. The more siliceous haematites and 
micaceous ores are mixed with calcareous magnetites, and fluxed with 
dolomitic limestone ; the average amount of iron in the charges varies 
from 35 to 50 per cent. 

The siliceous itabirite of Nora requires an admixture of 25 per cent, 
of limestone, and at Taberg, where the ore smelted consists of magnetite 
disseminated in an eruptive greenstone, the charges contain only about 
20 per cent, of iron. At Dannemora, the blast is heated to from 80** to 
100° C., and throughout Sweden the temperature does not usually exceed 
200° C. The waste gases are withdrawn through an aperture in the side 
of the furnace 12 to 15 feet below the throat, and are employed both for 
heating the blast and for the calcination of ores. Cold-blast is used at 
Finspong for the production of gun-foundry iron. 

The average weekly production of the Swedish furnaces ranges from 
30 to 60 tons of pig-iron, but at Langshytta the weekly make is 117 tons, 
at Saiidviken 104 tons, and at Langbanshytta 75 tons per furnace. In 
1882 the average number of days that a furnace was in blast in Sweden 
was 230, and the make 2,112 tons, or about 9 tons daily. 



26 o 


ELEMENTS OF METALLURGY. 


Tlie consumption of charcoal varies from 16 to 17 cwts. per ton for 
wliite and mottled pig-iron produced, and from 21 to 22 cwts. per ton for 
groy-metal suitable for foundry purposes, or the preparation of Bessemer 
steel ; the poor magnetic ores of Taberg require as niucli as 50 to 60 
cwts. of charcoal to produce a ton of pig-iron. 

At the well known iron-works at Finspong, Ostgothland, the pig-imn 
intended for making cannon is run dii*ectly from the furnace into the 
moulds ; whereas in other foundries it is usual to re-nielt the pig-iron in 
reverberatory furnaces. The charge in 1857 was, according to Tunner, 
composed as follows 



1 

i.i'^piinas 

jLDa. Avoiraupow. 

Ferola ores 

. 1 29*8 ) 



Jema ,, 

Fetang „ 

5-4 f 
41 ( 

42-0 

625-80 

Stenbo ,, 

Scrap cast-iron 

• , 27 ) 


22 a.^> 

I^on-bormg^ . 



22*35 

Limestone 

. 1 ... 

... 

90*85 


1 

J 


767 35 



Tunnns 

1 

{ Im|>cn.U btishclB 

Charcoal . • 

1 

1 

1 9 

1 

1 36 1 

1 


The Ferola ores chiefly conbi>t of granular magnetite and (juartz, with 
a little oligoclase, hornblende, and iron pyrites; the Jerna ore is a rielier 
and less compact magnetite, as'-ociab'tl with tlie same minerals as lliose 
from Ferola. The Petaiig ore>: are similar, but are nioie finely granular, 
and contain a considerable jKjrcentag<* of niangaii(*-''e ; the Stcnbo ore is a 
mixture of magnetite and spathic carbonate of iron. Tliese ores yield 
from 48 to 52 jx^r cent, of j>ig-iron of great strength, but contain a 
notable quantity of .^sulphur; this, insteail of impairing the quality of tlio 
metal, is believed to increase its strength. - 

At Marquette, Dike Superior, tlie ores smelted ani a lirown haunatite 
containing, on an average, 40 per cent, of iron, and a specular schist 
yielding 60 per cent, of tliat metal. These ore.s are mixetl in such pro- 
})ortion.s as to yield 55 per cent, of j>ig-iron, and are treated in a furnace 
40 feet in height, 11 feet in tlie boshes, and 4 feet at the tliioat ; the 

^ E.ich of 14*9 lb*, avoinlupoifl. 

2 Witb renpect to the influence of iiulphur on the quality of iron, Dr. r»‘rcy 
rewArkn: *T have partirubirly iiitenoifflted the intelligent inanaj^eM of iron woika, 
from every part of EiigLimJ, an to their opinion cfuicerninfi^ tlie influence of Hulphur, 
in certain proportion*, even on bar-iron, and they have, without exception, exyirenHed 
the opinion that it is not unfavourable to Htreri^tb. however it may interfeie with the 
flui»h on the surface of the metal.”— /row a»cl 1>. 554. 
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gases are collected in an annular flue enclosed by an iron cylinder. The 
blast is introduced at a temperature of 330“ C., and at a pressure of 
about 2 lbs. per square inch, through two tuyers, each 3^ inches in 
diameter, on opposite sides of the hearth. A crystalline limestone is 
used as flux, to the amount of about 10 per cent., and the consumption 
of charcoal is approximately 25 cwts. per ton of pig-iron. The weekly 
production is from 125 to 130 tons of fine-grained dark-grey pig, suitable 
either for foundry work or for the manufacture of Bessemer steel. 

The newer American cliarcoal furnaces are from 50 to 60 feet high, 
9 to 12 feet in the boshes, and from 2,400 to 3,000 feet cubic capacity, 
with very steep boshes (from 73“ to 81“). The make is from 300 to 
350 tons weekly. The ^lartel furnace at Bt. Ignace, Michigan, 52 feet 
liigh, with 10 ft. 6 in. boshes, 7 feet throat, 5| feet hearth, and 2,800 
cubic feet capacity, has made uj) to 420 tons per week, smelting specular 
liiematite of 60 per cent, produce with 131 cwts. of charcoal per ton. 
Tlie ores are very pure, requiring only 4 cwts. of dolomitic flux, which 
produces only about 5 cwts. of cinder per ton. The bla^^t is heated by 
two Wliitwell stoves, 59 x 14 J feet, to 800“ C. In 1884 seventy-eight 
charcoal furnaces were blowing in the United States, and made 408,400 
tons of pig-iron, with a consumption of 452,600 tons of charcoal. In 
Michigan 153,500 tuns of pig-iron were made with 132,800 tons of 
charcoal. 

Coke Furnaces . — The ores smelted in the Siegen district are princi- 
pally spathic carbonates and brown ha?matites ; the former contain a con- 
siderable quantity of manganese. The spathose ores are, for the most 
part, o])tained in the immediate neighbourhood, but a considerable portion 
of the haematite is brought from Nassau and elsewhere. Both white and 
grey pig-iron of good quality are produced, as well as spiegeleisen ; the 
first being employed for the jiroduction of steel in the puddling-furnace 
and open hearth, ainl the two last in the Bessemer process. The older 
furnaces were generally very small, and were worked exclusively with 
charcoal, but since the establisliment of railway communication with the 
coal-field.s of the Ruhr basin, these have been generally superseded by fur- 
naces of larger capacity, in wdiich coke and tlie hot-blast are employed. 
This has resulted in greater regularity both in the quantity and 
quality of the metal produced, in addition to which the high temperature 
in the region of the hearth, resulting from the hot-blast, is found to in- 
crease the quantity of manganese reduced. 

The state of oxidation in wdiich manganese exists in the ore also exer- 
cises considerable influence on the amount of that metal contained in the 
pig-iron made ; when spathose ores are employed, the resulting pig-metal 
is more highly nianganiferous than when haematites containing manganese 
are made use of. 

At Charlottenhlitto the charges for spiegeleisen have the following 
composition : — 
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Cwts. 

Hoasted spathic ores 

28*8 ) yielding 44 to 45 per cent, of 

Kaw brown haematite 

7*2 { pig-iron. 

„ limestone . 

9 0 

Total 

45 0 

Coke 

20*0 


The coke contains 8 per cent, of ash ; number of charges daily, 
36 ; produce, 30 tons ; consumption of coke per ton of metal, 22 to 
23 cwts. I number of tuyers, 3 ; back 3 inches, and sides 3| inches, 
diameter. Temperature of blast, 280® to 300® C. ; pressure, 3g lbs. per 
square incL 

In tlie jMiisen district, spiegeleisen was formerly produced from the 
Stahlberg spathic ores without the addition of flux, but since it has been 
customary to add a certain amount of limestone the percentage of man- 
ganese in the pig-iron has been much larger than previously. At the 
Charlottenhiitte the pig-iron produced usually contains 8 per cent, of 
manganese, but this is reduced to one-half when the blast is allowed to 
fall from 300® to 100® C. 

The ores employed in South Staffordshire are partly clay ironstones 
from the Coal-measures (“ native mine”) and partly red and brown hiema- 
tites from North Staffordshire, Lancashire, and elsewhere ; the make is 
chiefly grey-pig for forge purposes. Forge-cinder is extensively employed 
in the production of common hot-blast metal ; but the best mine pig is 
still made from coke with colti-blast. According to ^fr. Jones, this dis- 
trict annually consumes 1,746,500 tons of ironstone, and 150,000 tons of 
forge- and mill-cinder. The coal of South Staffordshire belongs to the 
non-caking class, and is used partly in the raw state and partly coked ; 
the coke, which is brittle, contains from 4*2 to 4*6 per cent, of ash, and 
from 0*3 to 0*5 per cent, of sulphur. The pressure of blast varies from 
2| to 3 lbs. per square inch, and the temperature from 300® to 330® C. ; 
a small number of furnaces are worked with cold-blast. 

The flux is principally Silurian and Carboniferous limestone ; the 
average consumption of coal per ton of metal made is, in hot-blast fur- 
naces, 55 to 60 cwts,, and in cold-blast from 60 to 70 cwts., or rather its 
equivalent in coke. In addition to this, 2 cwts. of coal are necessary for 
the calcination of the ores, and from 15 to 22 cwts. are required in the 
hot-blast stoves, as the waste gases escaping from the throat of the fur- 
nace are but seldom utilised in the district. The produce of the furnace 
is from 120 to 150 tons weekly, although some of the largest yield from 
180 to 250 tons of metal per week. 

The furnaces of the Cleveland district, 'which are remarkable for their 
large dimensions, are worked entirely with the hard compact coke from 
South Durham, containing from 4 to 10 per cent, of ash and from ^ to 1 
per cent, of sulphur. The ores treated are principally the argillaceous 
carbonates of the district, to which a little red hasmatite is sometimes 
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added. It contains from 26 to 33 per cent, of metallic iron, which is 
increased to 37 or 40 per cent, by calcination. 

The flux is limestone, derived chiefly from the Pennine range, con- 
taining, in its raw state, from 87 to 96 per cent, of calcium carbonate. 

In order to produce a ton of grey foundry-pig from Cleveland iron- 
stone without admixture of foreign ores or of mill-cinder, from 19 to 28 
cwts. of coke and from 10 to 14 cwts. of limestone are required ; the 
amount in each case varying in accordance with the quality of the ore 
and fuel, and the regularity of the working of the furnace, &c. 

In one of the furnaces at Newport, near Middlesborough, described 
by Sir B. Samuelson in a paper read before the Institution of Civil 
Engineers, the average consumption of fuel, excluding the six weeks 
immediately after blowing-in, was 20*35 cwts. per ton of iron produced ; 
the minimum quantity used in any one week 18*78 cwts., and the 
maximum quantity 22*12 cwts. per ton of iron. The average quantity 
of calcined ironstone used was 46*11 cwts. per ton of iron, the minimum 
(jnantity used in any one week 44*16 cwts., and the maximum quantity 
48*04 cwts. per ton of iron. The average quantity of limestone employed 
was 10*71 cwts., the minimum quantity in any one week 10*35 cwta, 
and the maximum quantity 11*26 cwts. per ton of iron made. The 
avenige weekly production of pig-iron was 430 tons, and the maximum 
466 tons, but the produce per furnace was subsequently increased to 
500 tons. This furnace is 85 feet in height, 25 feet in diameter at the 
boshes, and has a capacity of 30,000 cubic feet ; the consumption of fuel 
and flux, in proportion to the production, is about 15 per cent, less than 
tliat in four other furnaces erected in 1863-64, of which the internal 
capacity is only 16,000 cubic feet. Three furnaces erected at South 
Bank, in Cleveland, in 1854, have each a capacity of 5,079 cubic feet, 
and consume from 32 to 40 cwts. of coke, and from 14 to 15 cwts. of 
limestone to the ton of iron; the w*eekly production varies from 120 
to 160 tons. 

Among the largest furnaces in Cleveland are two at Ormesby. No. 1 
is 90 feet high, 28 feet broad in the boshes, 23 feet at the top, 10 feet 
in the hearth, and of 33,400 cubic feet capacity. No. 2 is of the same 
height, but only 28 feet in the boshes ; but as these are lower down, the 
capacity is somewhat larger, or 35,051 feet ; the hearth is only 8 feet in 
diameter. It was found that these furnaces worked better, giving a 
larger production, with a smaller proportional consumption of fuel, when 
the overhang of the tuyers in the hearth was reduced so as to give a 
greater distance between their ends. Tims with 6 feet distance the con- 
sumption was 19*94 cwts. of coke per ton of No. 3 pig-iron, but when 
the distance was increased to 7 feet 4 inches the fuel was reduced to 
19*75 cwts., and when the blast was heated to 1,465° F. to 18*67 cwts. 
No perceptible improvement was, however, obtained when the distance 
was increased to 8 feet. The weekly make under the latter condition 
was 566 tons. A smaller furnace of 20,000 feet capacity, which made 
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483 tons with 603 tons of coke, with the tnyers 6 feet apart, was brought 
up to 599 tons, with 630 tons of coke, by increasing their distance to 
7 feet, the blast- temperature being increased from 1,321° to 1,430° F. at 
the same time. 

The most productive furnaces, as regards their weekly make of pig- 
iron, are those treating the rich limmatites of Lancashire and Cumberland. 
In the earlier days of the Barrow district, furnaces 56 feet in height and 
16^ feet diameter at the boshes, with a cubic capacity of 9,500 feet, re- 
quired, according to Jordan (1864), the following materials for the pro- 
duction of one ton of pig-iron : — 

Cwt**. 

Red hannatite, unroasted . . 34 to 34 J 
Coke from Durham . . . 18 to 18J 

Limestone 5^ 

Slack for stoves 3 

The gases were generally collected, and exclusively employ(*d in firing 
steani-boilei*s. About 7,000 cubic feet of blast, heated to 350° C., were 
supplied per minute tlirough six 3-inch tuyers, at a pressure of 24 lbs. 
per square inch. Under these conditions the maximum production 
appears to have been at the rate of about 630 tons weekly, but the 
average produce did not excectl 575 tons. 

!Most of the furnaces of this district liave now been raised to 70 or 
80 feet in height, fire-brick stoves have been erected in place of those 
with iron pipes, and the make has been brought up to 700 or 800 tons 
per week. The aveiage production of all the We^t Coast furnaces in 
1885 was 548 tons per week. At Consett 800 tons per week are made 
in furnaces 55 feet by 20 feet, wnth Whitwell stoves, smelting Bessemer 
pig-iro]i from haematite, with 19 J cwts. of coke per ton of metal. 

The furnace, figs. 52 and 53, when newly started in 1872, made 300 
tons per w^eek, with a consumption of 26 cwts. of I.nncasliire coke per ton 
of metal ; blast, 7,760 cubic feet per minute, at a temperature of 425® C., 
and pressure of 4 lbs. per square inch. 

The charge containing, on an average, 50 j)er cent, of metal, was 
made up as follows : — 


Red haematite 

, 

. 2 parts. 

Irish ore 

. 

. 1 part. 

Spanish ore, Bilbao 


. 1 part. 

StaffordMhire red mine . 


. 2 parts. 

Purple ore . 

• 

. 1 part. 


The purple ore, obtained from various works in tlie neighbourhood at 
which copper is extracted by the wet process from burnt Spanish pyrites, 
contains, on an average, 67 per cent, of metallic iron. 

At Bochum, in Westphalia, Bessemer iron is smelted from mixtures of 
Bilbao, Algerian, Swedish and Nassau magnetite and hjeniatite, and Siegon 
spathic ore, with a very pure coke containing only 4*8 per cent, of asli. 
The furnaces, 72 feet by 20 feet, of about 15,000 cubic feet capacity, 
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are supplied with 600 cubic feet of blast per minute, heated in Whitwell 
stoves to 700** or 780® C. The average production is 123 tons of pig-metal 
daily per furnace, with a consumption of 20*4 cwts. of fuel per ton. 

Coal in the Blast-Furnace . — The principal ores employed in the 
Welsh blast-furnaces are “ native mine,” chiefly argillaceous carbonates 
with some blackband ; brown haematites from Llantrissant, Forest of 
Dean, Northamptonshire, and Spain ; red haematite from Cumberland, 
with occasionally a little from the Island of Elba, and spathic car- 
bonates from Somersetshire. 

In the eastern district the fuel employed is partly coal and partly 
coke, the latter being exclusively used in furnaces working on cold-blast. 
In the neighbourhood of Swansea a small number of furnaces are worked 
with anthracite. Forge- and mill-cinders are largely used in the produc- 
tion of white forge-pig. 

According to Truran, some thirty years ago, the foundry-iron furnace 
at the Dowlais Works had a capacity of about 7,500 cubic feet, and was 
blown with a blast of 5,390 cubic feet of air per minute. For every 20 
cwts. of crude iron obtained, 48 cwts. of calcined ore, 50 cwts. of coal, 
and 17 cwts of limestone were required. Tiie weekly production of iron 
was about 130 tons. 

The consumption of materials per week was as follows : — Calcined 
ore, 312 tons ; coal, 325 tons; limestone, IIOJ tons; air supplied weekly 
by the tuyers, 1,G95 tons. 

For the production of white-iron for the forge, in furnaces of similar 
capacity to the foregoing, a larger amount of blast with a different burden 
w^as employed. 

The consumption of solid materials to a ton of crude iron averaged 
28 cwts., calcined argillaceous ore, 10 cwts., hrematite, 10 cwts., forge- or 
refineiy -cinder, 42 cwK of coal, and 14 cwts. of limestone, w’itli a volume 
of 7,370 cubic feet of blast per minute ; the weekly i)roduction of crude 
iron was 170 tons. In this case the consumption of solid materials 
per week was 884 tons, and the weight of air injected by the blast 
2,318 tons. 

For the production of iron of inferior quality for the forge, the burden 
was composed of the following materials: — Haematite, 16 cwts., refinery- 
cinder, 25 cwts, coal, 36 cwts., and limestone, 16 cwts. per ton of crude 
iron. The capacity of the furnace and the volume of the blast were the 
same as in the last instance. From this furnace a weekly production of 
190 tons of crude iron was sometimes obtained, the consumption of solid 
materials being 883 tons. The estimated time of the descent of a charge 
was from forty to forty-six hours. 

At the same works in 1863, the consumption of coal per ton of 
mine pig, from variable mixtures of argillaceous ore and brown and 
red hsematite, had been reduced to from 23 to 27 cwts. ; the make 
of the furnace ranging from 172 to 280 tons per week. The larger 
production, in relation to the amount of fuel consumed, chiefly resulted 
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from tlie greater richness of the charge arising from the larger amount 
of red ore used. 

The newer furnaces are considerably larger than those formerly 
employed, and, when working on white-iron, their production ranges 
from 250 to 300 tons weekly. The use of the cu{>and-cono charger is 
now general, the waste gases are economised, and hot-blast is employed. 

The Scotch furnaces each produce, on an average, about 200 tons of 
pig-iron weekly ; but in the blackband districts it is said to be sometimes 
us high as 270 tons. 

At Irthlingborough Iron-Works, Xorthamptonshire, furnaces, 65 feet 
by 18, with 7 feet hearth, and 9,025 cubic feet capacity, make 342 
tons weekly, smelting Xorthamptonshire ore in the proportion of four 
j)arts of raw to one part calcined, with an average pro<luce of 40 per cent. 
The fuel used is about one-half hard Derb\ ^hire and Yorkshire coal, three- 
tenths soft coke, and one-fifth hard Durham coke, the consumption being 
at the rate of 23*13 cwts. j>er ton, besides 1*5 cwt. of slack, used for 
boilers and calcining. The average burden is 50 cwts. raw ore, 8*33 cwts, 
calcined ore, and 14 T 3 cwts. oolitic limestone per ton. 

Anthracite Furnace.% &c. — Anthracite is employed for the production 
of pig-iron in South Wales and, to a much greater extent, in the United 
States of America. 

Anthracite is liable to decrepitate when strongly heated, and some 
varieties, when suddenly exposed to a liigh temperature, become reduced 
to a state of absolute dust. In furnaces in which anthracite is the fuel 
made use of, the accumulation of these small particles sometimes be- 
comes so great as to materially obstruct the passage of tlie blast. When 
this takes place it is usual to cease charging and to continue the blast, 
when, as the solid material.^ descend, the fine particles of anthracite are 
blown away. A greater difficulty, liowever, experienced in the use of 
anthracite, arises from the running together of the slag and decrepitated 
])articles of fuel into infusible masse.s, wdiich are liable to cause tlio 
furnace to become obstructed. 

In the year 1863 the anlliracite furnaces at Yniscedwin, South Wales, 
were from 25 to 30 feet only in height, since a low stack is less liable 
than a high one to become obstructed by the small particles of fuel 
resulting from decrepitation. 

Other anthracite furnaces in the same district were from 3G to 40 feet 
in height, and w’^ere blown at a jiressure of from 4 to 6 lbs. per 8quar(3 
inch, with air heated to from 320'" to 450° C. The consumption of air 
amounted to 6,000 cubic feet per minute, the weekly production was 80 
tons, and the consumption of anthracite 2J cons for each ton of pig-iron. 

The anthracite furnaces of Pennsylvania are worked with a large 
number of tuyers and with a pressure of blast varying from 6^ to 71 lbs. 
per square inch. The ores treated are usually massive magnetites and 
lusmatites, containing from 50 to 60 per cent, of iron. 

According to Mr, J. M. Hartmann, the newest type of anthracite 
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lurnaco in the United States is 75 feet high, 70 feet to the top of the 
column of materials or stock-line^ 31 feet to the top of the boshes, and 6 
feet to the tuyers; the corresponding diameters being 17 feet at the stock- 
line, 18 feet in the boshes, and 10 feet 8 indies in the hearth. The 
charging is effected by two concentric bells 6 and 11 feet in diameter, 
which distribute the charge upon two rings respectively 4 and 11 feet 
in diameter. The water-cooled cinder-notch is feet above the hearth 
bottom, and 2\ feet below the tuyers. The latter overhang 10 inches, 
leaving a clear space between their ends on opposite sides of 9 feet. 
The hearth Walls are 24 inches thick, and are completely surrounded by 
a water-jacket, which extends from 8 inches below the hearth bottom to 
9 feet above the tuyers. Tlie effective volume of blast is 14,400 cubic 
feet per minute, at a pressure of 4 to 8 lbs., and is heated to 850® F., if 
])ipe-stoves are used, or to 1,200® F. in brick stoves. Seven tuj^ers of 
4i inches diameter are used. The coal is supplied in lumps 4 inches 
cube. Owing to the tendency of anthracite to decrepitate and crumble 
when strongly heated, it is necessary to have great reserve of blowing 
j)owcr, and at times a pressure of 20 lbs. may be required to overcome 
the resistance of the mixed dust of ore, limestone, and fuel, which forms 
at the sides of the furnace, and must be removed through the tuyer-holes. 
A very broad hearth is also essential in ord(*r to allow space for the 
oxidizing action of the air upon the fuel. Anthracite shows but little 
tendency to reduce carlionic acid in its passage through the furnace, and 
therefore the fuel charged arrives at the tuyers almost unchanged. 
When smelting siliceous limonites of 43 per cent., and magnetites of 54 
per cent, jiroduce, in the proportion of | of the former to § of the latter 
with a dolomitic flux, the average results obtained were : — 

Coal per ton of iron (Nos. 1 and 2) . . 28 cwts. 

Ore ,, ,, ,y , . . 4i ^ ,y 

"h hix „ ,, ,, ... 25^ ,, 

With blast at 850® F. tlie maximum weekly make was 600 tons, but 
with fire-brick stoves at 1,200° F. the coal is reduced to 24 cwts., and the 
out-put increased about 20 per cent. The temjierature of the escaping 
gases averages about 250® F. Rapid driving is of great importance in 
anthracite smelting, in order that the fuel may be brought to the tuyers 
with as much <as pos.sible of its occluded gases, since otherwise it is very 
difficult of combustion. The breadth of the hearth is also a factor of 
great importance. Thus a furnace 20 feet in the boshes with a 7-feet 
hearth made only 350 tons weekly, but was brought up nearly to 600 
tons weekly by enlarging the hearth to 10 feet. 

The same principle of obtaining a large out-put from a furnace by the 
use of a very large volume of blast is now adopted at many works in the 
United States, smelting hasmatite ores with coke for Ressenier pig-iron. 
At the South Chicago furnaces, wdiich are 20 feet wdde in the boshes, 
11 feet in the hearth, and 15 feet 4 inches at the top, with a total height 
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of 75 feet, and 15,000 cubic feet capacity, 209 tons of metal arc cast 
daily from a mixture of ores averaging 63*75 ])er cent, of iron, luicli 
furnace has three 60 x 21 feet Whitwell stoves, heating the blast to 
1,450“ F. Tlie blowing power is very largo, nainel}^ two 84-inch cylin- 
ders, 4.1 feet stroke, running at a speed of 252 feet per ininuto, and 
delivering 19,320 cubic feet of air per minute at C lbs. ])ressure, reduced 
to 4 lbs. at the tuyers. The latter are seven in number, and 7 inches 
in diameter. The average charges are, per ton of ])ig made — 


Ore Sljcwts. 

Limestone 

Coke (11*61 per cent, ash) .... ICJ „ 


The weight of blast per ton averages 62 j cwts., and that of the waste 
gases 86| cwts. ; the latter contain carbonic oxide in the ratio of 46 
volumes to 100 volumes of carbonic acid. Their average temperature 
W’as 480“ F. when the blast was at 1,375"* F. Tlie work done by the 
blowing-engine is 508 HP., and about half as much more power is re- 
quired to work hoisting- and jmniping-ongnies. 

The largest out-put from any' single furnace was obtaincnl at the Lucy 
No. 2 furnace at Pittsburg, which has produced 345 tons in one day, 
1,975 tons in a week, and 8,035 tons in a month. This is, however, 
considered to be too high a speed, and less advantageous than that given 
above. 

Spiegeleisen is made at Newark, New Jersey', from residues obtained 
in the treatment of a mixture of red zinc ore, frankliiiite, and willemite, 
from the production of zinc oxide to be employed as a ])igment. The 
residue from the furnaces in wdiich the volatilization of zinc is cfTected is 
a black cindery mass, containing the w’liole of tlie iron and niangane>e of 
the franklinite, and the silica of the willemite, together witli siune oxide 
of zinc. It is estimated to contain about 25 per cent, of iron, and is 
smelted with anthracite in furnaces of small dimensions. Their height 
is usually only 20 feet, and their diameter at the ])oshes 7 feet ; the blast 
is introduced at a temperature of 200“ C., and with a pressure of 4 lbs. 
per square inch ; limestone is employed as flux, and the weekly make is 
about 25 tons. The waste gases are consumed in stoves for heating the 
blast, but before they can be thus eni]>loyed the oxide of zinc, resulting 
from the oxidation of that metal still retained by the residues, and 
volatilized in the furnace, requires to be separated by a system of 
wrought-iron condensers. This oxide is from time to time removed, 
and not being sufficiently pure to admit of Ixdng employed as paint, is 
sent to spelter furnaces for reduction. The consumption of fuel is at the 
rate of 3} tons per ton of pig-iron produced. 

Ferrch Manganese , — In the production of ferro-manganesc the highest 
attainable temperature is required in the hearth of tlie furnace, tlie 
charges should be kept as free as possible from silica, and the slags must 
be basic without containing a large excess of lime. In this case, there* 
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fore, magnesia is useful, and for the most manganiferous metal barytes 
and fluor spar are sometimes added. The proportion of manganese in 
the slag may l)e al>out 8 per cent, of MnO for 20 per cent, spiegel, 15 
l^er cent, for 70 per cent., and from 17 to 20 per cent, for 80 per cent, 
ferro-manganese. It is important not to push the reduction of man- 
ganese too far, as the slags then become too calcareous, and silicon is 
reduced, preventing the satisfactory formation of spiegel. 

There is also a notable proportion of manganese lost by volatilization, 
which, together with the zinc oxide and alkalies in the ore, are carried 
over by the gases, and may be very destructive to the fire-brick stoves if 
not previously passed through a washer or dust-catcher. 

At Terre-Noire, where the first higli ferro-manganese was made, fol- 
lowing Henderson’s practice in making the same alloy in the Siemens 
furnace, the hearth was built of bricks moulded in gas carbon. These are 
fu\ind to be more durable than fire-bricks, and may be easily kept cool 
by watering the outside, since the thermal conductivity of carbon is about 
twelve times that of fire-clay. l>y using blast at 750° C. and rich ores, 
metal with more than 80 per cent, of manganese may be obtained. A 
practical rule for fluxing is to give twice as much lime and one-half as 
much baryta as there is silica present in tlie ore and fuel. At Terre- 
Kuire the cliarges for 82 per cent, metal were as follows : — 


Huelva ores, pjrolusite 9 6 cwts., containing 0 28 cwts. Fe., 

5'04 cwts. Mn. 

Almeria „ „ 4*0 „ 

,, 006 

2ni0 

Tafna „ haematite 0 4 „ 

„ 0-22 

... „ 

14 cwts. 

0 56 

7 04 


25 per cent, loss in slag . 

1-76 

Limestone . .4*4 

Manganese . 

5*28 

Sulphate of barium 1*2 

Iron . . . . 

56 

Carbon and silicon 

•46 

19-6 


6*30 



Yield of ore, 45 per cent. ; of charge, 32 per cent. 


The furnace was blown with two 3J-incli tu 3 Trs, with blast at 2Jlbs. 
pressure, heated to G80° to 750° C., being driven at only half the speed 
required for Hessemer pig-iron. The daily make was 10 tons, averaging 
from 81 to 85 per cent, manganese, wdth a consumption of 54 cwts. of 
coke per ton. The proportion of manganese reduced varied from 70 to 
79 })cr cent. The gas of a furnace working on high ferro-manganese is 
of low heating power, as the oxygen given off by the ore wlien first heated 
burns carbonic oxide to waste in the tliroat of the furnace. Thus in 
making 60 per cent, ferro-manganese, the gas only contained 5*5 of 
carbonic oxide to 30 per cent, of carbonic acid, and was practically in- 
combustible. Subsequently about 10 per c(uit. of bituminous coal was 
addr*d to tlie coke to furnish gas for the boilers. This inconvenience 
may bo, to some extent, remedied by previous!}" exposing tlie manganese 
ore to a low heat in a calcining-furnace, which reduces MiiOg to MngOi. 
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When the zinciferous ore of Cartagena is used, hard deposits form in 
the gas-flues, which must be cleaned out at intervals of about seven 
days. These consist essentially of oxide of zinc, the average metallic 
contents being manganese 3*34, zinc 63*40, iron 1*56 per cent. The dust, 
on the other hand, is much richer in manganese, containing inanganese 
23, iron 6, and zinc 1 *36 per cent. It is also remarkable as containing 
11 per cent, of baryta, mainly as silicate, wliich shows that the sulphate 
of barium in the flux is entirely decomposed before reacliing the hearth. 
No portion of the sulphur is taken up by the metal, it being mainly 
eliminated as sulphides of calcium and inanganese in the slags, and to a 
smaller extent as sulphurous acid in the gases. 

High ferro- manganese oxidizes very readily, and it is therefore 
necessary to stop the blowdng-engine when casting, otherwise there may 
be a notable difference in the percentage between the first and last beds 
of the cast. Very hot blast is not necessary in making ferro-manganese 
if the use of siliceous ores be avoided and the slags be rendered suffi- 
ciently basic with lima 


Heat Ahsovled f/i* Work Done in Dlast-Furnaces. 

The chemical phenomena of the blast-furnace have been very com- 
pletely examined, both analytically and ex})erimentally,by many observers, 
among whom Sir I. L. Bell, Ritter P. v. Tunner, the late Professor 
Gruner, and Profes.sor R. Akerman may be more paiticularly mentioned 
for the importance of their contributions to this subject. The works of 
Sir I. L. Bell, the titles of which are given belowd should be consulted 
by the reader desiring fuller information on this subject, which can only be 
here noticed in a general way. The wwk of the furnace consists chiefly in 
the reduction of the ore in its descent by successive steps from ferric oxid(‘, 
through magnetic oxide, and ferrous oxide into metallic iron, by car- 
bonic oxide produced from the direct combustion of fuel in the hearth 
with heated air. The accessory reduction of the oxides of manganese, 
phosphorus, sulphur, and silicon, which, under certain conditions, com- 
bine with the reduced iron, can only be effected by contact with solid 
carbon, and therefore takes place chiefly in the lower region of the furnace 
below the boshes. Other operations, requiring heat only, are the expul- 
sion, in the higher parts of tlie furnace, of water from hydrates and 
moist ores, and of carbonic acid from the flux ; also, where raw coal is 
used, its conversion into coke, and the fusion of metal and slag in the 
hearth. A notable portion of the heat is carried off by the escaping 
gases, and lesser amounts by the tuyer-water and by radiation from the 
furnace w’alls. According to Sir I. L. Bell, the relative calorific import- 
ance of these factors may be estimated as follows in smelting Clevelaml 

I * Chemical Phenomena of Iron-Smelting ; ' London, 1872. * Principles of the Manu- 
facture of Iron and Steel : * Loudon, 1884. 
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iron ore for No. III. pig, under the ordinary conditions of working, and 
producing 28 cwts. of slag per ton of metal. The figures are expressed 
in 20 weight units (either kilogrammes or cwts.), and the corresponding 


lieat units in Centigrade degrees. 

Weight 

Heat Units 

Total Heat 


in Cwts. 

per Cwt. 

Units 

Reduction of Fe^Os to Fe . 

18*60 

1,780 

33,108 

Carburizing reduced iron .... 

•60 

2,400 

1,440 

Evaporation of water in crike . 

0-58 

513 

318 

Reduction of P 2 O 6 . SO 3 , and SiO-i 



3,500 

Fusion of pig-iron 

20*00 

330 

6,600 

Calcination of flux 

11*00 

370 

4,070 

Reduction of CO 2 of flux to CO . 

1-32 0 

3.200 

4,224 

Uecoinpositiou of water in blast 

0 05 H 

34,000 

1,700 

Fusion of slags 

27*92 

550 

15,366 

TransmisMon through walls of furnace 



70,321 
. 3,600 

Carried off in tuyer-water 

. 

, 

. 1,800 

Expansion of blast, transmitted to ground, &c. 

• 

. 3,389 

Carried off by gases .... 

• 

. 

79,110 
. 7.900 

Total heat requirements per 20 cwts. 

. 

• 

. 87,010 


The heat required for tliese different operations is derived from two 
sources, the larger part being developed by the combustion of fuel in the 
liearth, and the remainder introduced by the hot-blast. As regards the 
former, it is not possible to oxidize the carbon of the fuel beyond the 
ratio of two CO to one CO 2 ' in the waste gas, under which condition the 
heat developed is 8,000 -f § 2,400 or 4,266 units per unit of carbon ; 
or, assuming tlic fuel to contain 10 per cent, of volatile and incombustible 
matters, 0'9 x 4,266 = 3,840 units per unit of coke. If the blast is 
heated to 1,004® F. or 540® C., the h(‘at introduced may be estimated 
at 12,000 units, leaving 75,000 units to be provided by the combustion 
of coke, which, on the estimate above given, corresponds to 19*53 cwts. 
This supposes the weight of blast to be about five times, and that of tlie 
waste gases nearly seven times that of the iron made. Under these con- 
ditions, which are somewhat more favourable than those realized in the 
most advantageous working on the large scale, about 86 per cent, of the 
heat is furnished by the fuel, and 14 per cent, by the blast; the latter 
being derived from the combustion of tlie waste gases, which furnish 
a further amount of heat, estimated at 28,000 units, for raising steam for 
the blast, lift, and pumping-engines required in working the furnace, 
while about 11,000 units are available for other purposes. As the total 
heat obtainable by the oxidation of the coke to CO^ is about 150,640 
units, while that usefully accounted for is about 110,000 units, the 
thermal efficiency realized is about 74 per cent, or considerably higher 

^ This it explained by the fact that carbonic oxide has no reducing efficiency when 
diluted beyond this extent with carbonic acid, at the temperature prevailing at the top 
of the furnace. 
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than that of any oUier industrial process for which high temperatures are 
required. 

In the table given at p. 271 the items concerned in the reduction and 
carburization of the metal may be taken as constant for all kinds of 
anhydrous or calcined ores, wliile the remainder will vary with the rich- 
ness of the latter and the amount of siliceous and earthy waste to bo 
fluxed. Thus in the case supposed, the fusion of these slags requires 
about one-sixth of the total heat (87,000 units), wliilc in the Soutli 
Chicago furnaces, under the conditions noted on pp. 267-8, making only 
9*27 cwts. of slag per ton, the proportion is reduced to one-fourteenth of 
tlie smaller total of 70,000 units. This difference is still more apparent 
when charcoal is used, as then the Aveight of slag is reduced to that 
strictly required for fluxing purposes, the fuel being free from sulphur ; 
Avhereas in smelting even the purest ores with coke, a iiohible quantity 
of slag is necessar}^ to prevent the iron becoming sulphurous, which is 
likely to happen if the sulphur in the slag exceeds 2 per cent. This 
is, perhaps, one of the principal causes Avhy a smaller weight of fuel is 
required, as compared with coke, when charcoal is used for smelting 
similar ores ; but the complete an^'Wer to this question has still to be 
worked out. 

The possibility of economizing fuel by augmentation of the tem- 
perature of the blast can, upon theoretical grounds, be shown to be 
strictly limited, and that after a certain point no further saving is likely 
to be realized by higher heating in the stove. Up to the present time, 
however, this point has not been reached in practice, altliough the margin 
for saving is constantly diminishing, the latest forms of Cowper’s stove, 
giving a heat of 1,400' F. (760'' C.), having effected a notable saving as 
compared with those heating the blast to 1,200" or 1,300'’ F. 

The quantity of fuel recpiired, per unit of make, varies not only with 
tlie yield of the ore and amount of slag, but also Avith the quality of 
tlie metal produced, about 10 p<'r cent, more a)ke being recpiired for 
making Xu. I, foundry iron than for Xo. 111. The fulluAving estimate, 
made by l)e Yatliaire, gives tlie fuel necessary per ton of difforciit 
classes of metal smelted from ores of about 40 per cent, produce : — 


No, T. foundry pi" . 

24 cwtri. 

No. TI 

ff • • . 


No. HI. 


22 „ 

No. IV. 

• • • 

21 „ 

No. V. 


20 5 „ 

Mottled 

It • • . 

20 „ 

White, crystalline (Weissstrahl) . 

10*5 » 

White, ct^miiion .... 

10 „ 


The above are for ordinary pig-irons ; Avben manganiferous, 0*3 cwt. 
per unit of manganese Kjduced must be added to tlie corr(*s])onding 
number in the above table. Tims a 20 per cent, spiegel rerpiires 20 x 0*3 
= 6 cwts. more than Weissstralil, or 23*5 cAvts., and 50 jut cent, ferro- 
manganese 50 X 0*3 = 15 cwts. more than Xo. III., or 37 cwts. in all. 
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Conversion of Grey Cast-Iron into White. — Eefinino. 

This process, which is now comparatively unimportant, being used 
only in a few localities in making special qualities of iron, was in the 
earlier days of puddling essential to the correct working of the operation. 
Its object is the removal of silicon from grey pig-metal, in order that the 
labour of the puddler and the duration of the fining operation may be 
reduced; but since tlie introduction of iron bottoms to the puddling 
furnace and the use of ferric oxide as fettling, grey metal is now generally 
puddled direct for common bar-iron, the extra consumption of materials 
being more tliaii compensated by the saving of fuel, which is considerable, 
as only the best coke or charcoal could be used. Refining is now prin- 
cipally confined to forges making the best brands of malleable iron in 
Yorkshire, and to tin-plate forges in South Wales. A modification of 
some importance was introduced some years since by Sir I. L. Bell and 
Baron Krupp for the improvement of phosphoric pig-iron for stqel- 
inaking ; but this has been abandoned since the development of the 
basic Bessemer process. 

Wlien grey cast-iron is fused in an oxidizing atmosphere, the silicon 
present is oxidized, and, becoming silica, unites with a portion of the iron, 
oxidized at the same time, to form a fusible ferrous silicate. If the 
metal be now run into moulds and suddenly cooled, a peculiarly white 
iron is produced, which is analogous in composition to that smelted from 
pure ores at a low temperature, with a heavy burden of material. The 
same result may be obtained by throwing water on the surface of a bath 
of molten metal and subjecting the thin plates thus obtained to the action 
of air at a red lieat during several hours ; this method is employed in 
various parts of Germany. The more usual process, however, consists in 
melting the metal with coke or charcoal in a rectangular hearth, pro- 
vided with tuyers more or le-s inclined, through which air is blown upon 
the surface of the fused metal. 

In this country the refinery usually consists of a strong cast-iron 
framework, supporting a low brickwork chimney. A, figs. 78 and 79, 
which represent, res[)ectively, a transverse section and plan of a refinery 
erected at the Dowlais Iron- Works. Tlie bottom rests upon a floor of 
dressed sandstone, a, about 12 inches in thickness, which is supported 
upon a foundation of brickwork or masonry. At each side, and at the 
back, within the vertical frames, are fixed cast-iron water-blocks, h, 
while a dam-plate, c, fig. 79, of the same material, closes the front ; thus 
forming a quadrangular cavity about 4 feet square, inside measure, and 
15 to 18 inches in depth. Above the side-blocks, and resting on a ledge 
cast for their reception, are the tuyer-plates, c?, about 2i inches in thick- 
ness, provided with openings for the insertions of water-tuyers, and 
bolted at their ends to the vertical framing. In front, resting on the 
dam-plate, it is usual to have another plate, for the convenience of filling 
and working the fire. A little above this, in front, and also above the 

S 
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water-block in the rear, cast-iron doors feet higli arc bung to the side- 
frames. 

At a sufficient distance from the floor of the refinery, and a little in 
advance of the dam-plate, is placed tlie casting-bed or pig-mould, B. A 
brickwork or cast-iron cistern, about 30 feet long, 4 feet wide, and 2 feet 
deep, is laid at right angles to the axes of the tuyers, and is slightly 
inclined from the health. On this rests the casting-bed, composed of 
thick cast-iron blocks, e, feet square and 6 to 8 inches in thickness, 



Fig. 78 —Refinery ; tiAiisverMC Hfctnui 

having flanges on each side by wliicli they are supported on tlie edges of 
the cistern beneath, and a depre«'Sion in the upper surface to confine the 
liquid metal within the desired limits. This cistern is filled to within 
an inch of the under surface of the mouhl-blocks with w«iter, which is 
maintained at this level by a small ‘'tream which constantly flows in and 
escapes by an overflow-notch. Tlie mould-blocks are provided with 
rebated joints luted with fire-clay, and are maintained in close contact 
with each other by clamps fitting corresponding snugs cast on the sides 
of the moulds. They are often made with a rib running down the centre, 
dividing the mould longitudinally in two parts, so as to reduce the 
labour of breaking up the plate of refined metal. 
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The blast is usually supplied through two or three small nozzles on 
either side of the hearth, each pipe being provided with a stop-valve, <7, 
for regulating the quantity. The connection between the movable nozzles, 
/, and fixed supply-pipes may be made either by means of sliort leathern 
hose fastened at their ends by screw-clamps, or by ball-and-socket joints, 
h ; the former method is the cheaper, but the latter the more durable. 

Refineries are also sometimes constructed with a single nozzle at the 
back, ill which case the framework, water-blocks, moulds, and all the 



other parts are made much lighter, and the fire-place is of smaller dimen- 
sions. They are often distinguished as melting-down and running-in 
refineries ; cold pigs from the blast-furnace, old castings, scrap, &c., are 
melted in the former, while liquid metal is allowed to flow into the latter 
directly from the furnace. 

The melting-down refinery is usually placed in a building at some 
distance from the blast-furnace, while the ruiining-iii refinery is, on the 
contrary, generally built immediately contiguous to it ; this method of 



276 ELEMENTS Of MBTALLUBGT. 

^forking, which effects a considerable saving of coal, was first introduced 
at Dowlais. 

The operation of refining crude pig-iron is usually conducted in the 
following way. The floor of the hearth is strewed with broken sandstone 
and a fire is lit in the centre ; a quantity of coke is now added and a light 
blast directed upon it A charge of pig-iron, scrap, or broken castings is 
now piled on the coke, a fresh quantity of fuel is heaped uj>on the metal, 
and the full power of the blast turned on. The weight of crude iron 
constituting a charge varies in accordance with the dimensions of the 
refinery, but it may. on an average, be taken at 2 tons, requiring the 
consumption of 5 cwts. of coke for its conversion into refined metal. 

The broken sandstone on the floor fuses and glazes the surface of the, 
hearth, while, in the course of an hour, the metal begins to melt, and 
dropping through the coke, reaches the bottom. In the course of from two 
hours to two hours and a half, the whole of the iron lias become melted 
and lies under the coke, but the blast is still kept up and fredi coke is 
added. By this means a portion of the metal becomes oxidized, and 
uniting with the siliceous matter contained in the fuel, as also with the 
silica resulting from the oxidation of the silicon present in the cast iron, 
forms a fusible vitn*oiis sLig. This slag, wbieh is extremely rich in oxide 
of iron, exercises a strong decirburizing action on the iron on whi(*h it 
floats : but in order that tlie^e changes may be properly effected, the air 
from the different tuyers is allowed to play on tlie surface of the fused 
mass for a considerable time after the whole of the iron has collected at 
tlie bottom of the hearth. During this period the fuel is observed to 
be continually lifted by the motion caused in the metal by the escape 
of carbonic oxide gas produced by the reaction on the cast-iron of the 
ricli silicates of iron constituting the slag. Wlien the decarburization 
is judged to be sufiieiently advanced, the tap-hole is opened, and the 
c()ntents of the liearth are allowed to flow into the moulds, where they 
are cooled by a large quantity of cold water, by which treatment the 
metal is rendered extremely brittle. The slags are now separated, and 
the fine metal broken into pieces convenient for transport to the ]md- 
dling-furnace, where it is to be freed from tlie remainder of its carbon 
and converted into soft iron. 

The working of the refinery is continuous, so that as soon as one 
charge of metal is run out, the hearth is again prejiared for the reception 
of a fresh supply. The time occupied in refining each eliarge will 
average about three hours ; but white-iron does not recpiire to be blown 
so long as grey-pig, which frerpiently requires from three and a half to 
four hours before it is sufficiently refined. 

With tlie running-in refinery the case is somewhat different, sincii tlie 
metal is run into the liearth in a fused state, and the time and fuel con- 
sumed in melting the metal in the ordinary refinery are consequently 
saved. 

When taken directly from the blast-furnace, 22*3 cwts. of common 
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forge-, or 21*1 cwts. of good grey-pig, are required to produce 1 ton of 
fine metal, and the expenditure of coke is about 2 cwts. In the melting- 
down refinery the loss of metal is somewhat greater, and the expenditure 
of fuel 20 per cent, larger. 

The loss of weight in refining hot-blast iron is usually greater than 
that experienced in the treatment of cold-blast pig, and the metal pro- 
duced from blackband is especially difficult of treatment, chiefly owing 
to its ready fusibility, which renders long-continued blowing necessary ; 
this results in an increased waste, 24 cwts. of crude iron being required 
to produce 1 ton of fine metal. 

Tlie tuyers are usually from 1^ to 1| inch in diameter, and are in- 
clined at an angle of about 38". In the running-in hearth 94,000 cubic 
feet of blast are required per ton of metal treated, but in the melting- 
down refinery 136,000 feet are necessary for white-pig, and 153,000 
cubic feet for grey-iron. The weekly production of a refinery working 
on white-iron is from 150 to 160 tons, and with grey from 80 to 100 
tons. The operation of refining may be accelerated by the addition of 
basic silicates, such as the slags from re-heating furnaces or forge-scale. 
The action of the blast is in this case supplemented by the use of the 
flux ; the carbon of the cast-iron is in part oxidized by the oxygen of a 
portion of the oxide of iron, an equivalent amount of iron being at the 
same time reduced to the metallic state. Lime may sometimes be advan- 
tageously employed for the removal of sulphur, but it has a tendency to 
render the slags comparatively infusible, and can therefore be used in 
moderate quantities only ; the same result is more efficaciously produced 
by the presence of manganese. 

The usual tliickness of the plates of fine metal is about 3 inches ; 
when freshly fractured the surface has a silvery-white colour, the lower 
part being compact, with a radiated or columnar structure, while the 
top is dull and cellular. 

A modification of tlie ordinary refinery process is used in Carinthia, 
chiefly for iron intended for the manufacture of steel. Grey or mottled 
pig-iron is melted in a hearth lined with brasque, charcoal being employed 
as fuel. The slags are partially removed from the surface of the fluid iron 
and oxidizing fluxes added ; water is then thrown upon the metal and the 
chilled crusts taken off. The consumption of charcoal is about 5 cubic 
feet per 100 lbs. of refined iron produced. 

Eck's Refinery , — As used at Gleiwitz and Kdnigshutte in Silesia, this 
apparatus consisted of a reverberatory furnace with a gas-producer and a 
heated top blast. The metal when melted down with a small addition 
of limestone was blown by two side tuyers, and the operation lasted from 
two to five hours, according to the product required. As the process 
was mostly intended for the production of strong foundry metals, the 
silicon was not entirely removed. 

Pamfis Process , — In this method, which was experimentally used in 
South Wales, but never adopted on a large scale, fused metal from the 
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blast-furnace was subjected to the action of numerous jots of superheated 
steam in the hearth of a reverberatory furnace heated by a coal fire in the 
usual way. From to 4 cwts. of forge-cinder, containing 66 per cent, 
of iron, was used per ton of metal blown, and the iron reduced com- 
j>ensated for that oxidized in the removal of silicon. About one-third 
of the phosphorus was also oxidized. Seven tuyers or steam-jets of 
^-inch diameter, supplied witli steam at 30 lbs. to 40 lbs. pressure, refined 
1 ton of grey-iron in half an hour. 

The following analyses of metal and slag obtained by this process at 
the Ebbw Yale Works are by Noad : — 



Pig-iron u'^ed. 

Refilled Mobal. 

C, graphitic 

2-40 

0-30 

Si ... . 

2-t>8 

0-32 

8 . . . . 

022 

0*18 

P . . . . 

()13 

0 00 

Mn . 

0 36 

0-24 

Slag . . . 

0 68 

Forgc-cindor 'idded 

Cinder run out. 

S . . . . 

1-34 

0*16 


206 

013 


Heaton's Process . — A process was introduced some years since by Mr. 
Heaton, of Langley Mill Iron-Works, which, allhougli intendoil for the 
j)roduction of steel, is essentially a modification of refining. Instead of a 
blast of atmospheric air, tlie oxidizing agent employed is nitrate of 
sodium. The converter is a circular cupola enclosed in an iron ca.sing, 
having a movable bottom, kej»t in its place by iron clamps ; this 
bottom is filled with nitrate of sodium in the proportion of one-tenth 
the weiglit of the metal treated, and, in some cases, a small quantity of 
siliceous sand is added. In order to prevent it from floating to the sur- 
face of the molten metal without undergoing decomposition, this flux 
must be covered by a perforated plate of cast-iron, and, wlien the bottom 
is thus adjusted, fused cast-iron is introduced thnmgh a charging-hole at 
top. During the fir^t five rainute.s, the action of the nitrate on the 
oxidizable matter present is slight, but on the melting of the covering- 
plate, which usually occurs after that interval, a violent ebullition takes 
place, and a bright yellow sodium flame escapes from the top of the 
chimney. After continuing for about a minute and a half, this action 
rapidly subsides ; the bottom of the converter is then detached, and is, 
with its contents, removed on a truck placed beneath it for that purpose. 
The product of this operation, called “crude steel,” is not sufficiently 
liquid to be run into ingots, and the contents of the converter are there- 
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fore turned out upon the floor, and broken into fragments of convenient 
size for further treatment. 

This consists of sundry re-heatings, squeezings, and hammerings ; or 
the broken fragments may be melted in crucibles in the ordinary way for 
the production of cast-steel. 

The following analyses of the material operated on, and of the pro- 
ducts obtained by this process, were published by the late Dr. W. A. 
Miller in 1868 



1. 

2. 

3. 

c 

2*830 

1-800 

0-993 

Si, with a littlo Ti . 

2-950 

0*266 

0-149 

S 

0*113 

0*018 

trace 

P 

1-455 

0-29S 

0*292 

As 

0 041 

0*039 

0 024 

Mn 

0*318 

0 090 

0*088 

Ca 


0*319 

0*310 

Na 


0*144 

trace 

Pe, by difference 

92*293 

97*026 

98*144 


100*000 

’ 100*000 

100*000 


1. Cupola-pig. 2. Crude steel. 3. Steel-iron. 

It will be observed that the “ steel-iron ” contains as much carbon as 
ordinary strong steel, and that the amount of phosphorus retained is four 
times greater than that contained in best Yorksliire iron, and fourteen to 
fifteen times as much as in Swedish Bessemer steel. This ])rocess, wdiich 
does not appear to have been carried out on a manufacturing scale, was 
subsequently examined by M. (Iruner and by Mr. (x. J. Snelus, of 
Dowlais. The analyses of the latter chemist, who has had a large experi- 
ence in investigations of this nature, show that the most marked effect of 
the use of the alkaline nitrate is the almost entire removal of silicon ; 
this is probably to a great extent due to the production of silicates of 
sodium. 

Henderson' m Process. — Hcnderson*s method for the production of malle- 
able iron and steel from inferior brands of pig is dependent on the action 
of titanic oxide on fluor-spar, by which silicon, sulphur, and phosphorus 
are said to be almost wholly eliminated. It has never been adopted on 
the large scale. 

Dephosphorizing Refinery Processes. — The removal of phosphorus 
from pig-iron, as a preliminary to puddling or other processes, has been 
effected by Sir I. L. Bell by subjecting molten metal from the blast- 
furnace to the action of magnetic oxide of iron, either melted or in a 
very highly heated state. The operation was performed either in a 
revolving water-jacket puddling-furnace, or in a trough of wrought-iron, 
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lined with bricks of purple ore, 12 feet long, 3 feet wide, and 3 feet deep, 
placed under a brick arch, and mounted upon a central axis, about which 
it oscillated like the beam of a steam-engine. The interior was raised to 
a red heat by a gas-fire, and the oxide of iron introduced, either melted 
or sufficiently hot to melt when the iron w'as run in. About 10 cwts. 
of metal were heated with 4 cwts. of liquid oxide, but the temperature 
was kept below that of an ordinary puddling-furnace. The operation 
lasted from ten to twenty minutes, during which time the vessel was 
kept oscillating, so as to traverse the charge repeatedly from one end to 
the other. The distance thus travelled in about ten minutes w’as from 
720 to 960 feet. The charge wms then tapped into moulds, where tlie 
iron and cinder were separated as in the ordinary refinery. The metal 
resulting from this so-called “purifying process*' was, like that of the 
refinery, almost freed from silicon, and from 80 to 90 per cent, of the 
original amount of phosphorus was removed, while the carbon was 
very slightly acted upon. The slags contained about 6 per cent, 
of PA 

A similar process, used for some time by Krupp, was described by 
the late ^Ir. A. L. Holley under the name of “ pig- washing.” A Pernot 
gas furnace, with a circular hearth rotating about an axis slightly inclined 
from the vertical, w'as used. The charge of 5 tons of melted metal was 
heated with. 20 per cent, of its 'weight of pure iron ore, and when it 
contained more than 1 per cent, of silicon, some limestone was added. 
About 6 per cent, of s-ilica in the charge was necessary to give the 
requisite fluidity to the slag. The ore was first charged and then 
strongly heated ; the iron Avas run in, the revolutions of the furnace 
being regulated to 11 per minute. As soon as carbonic oxide flames 
began to appear (usually in from five to eight minutes) the metal was 
nin off. The result was similar to that given above ; but as a more 
manganiferous metal was used, the .silicon Avas entirely removed, together 
Avith from 75 to 80 per cent of the phosphorus. Manganese Avas also 
completely oxidized and passed into the slag. The cost of the operation 
Avas computed at 10s. per ton of metal treated, including melting in 
the cupola. 

These processe.s, though at one time promising, have lost their signi- 
ficance since the introduction of the method of dephosphorizing by lime 
in the Bessemer converter. 

Production of Wrought-Iron from Cast-Iron in Open Fires. 

The various processes employed for the production of wrought-iron 
from cast are either conducted in open hearths, in which the pig-metal is 
melted and decarburized before the blast of an inclined tuyer, or the 
transformation is efiected by puddling, by which the same operation is 
performed on the hearth of an ordinary reverberatory furnace. In both 
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cases the reactions involved are precisely similar ; graphitic carbon first 
passes into the non-graphitic or combined state, and is subsequently con- 
verted into carbonic oxide, either directly by the oxygen of the blast, or 
indirectly by the action of oxide of iron in the slags. In many instances 
this oxidizing agent is supplied by the iron itself, which is always to 
a certain extent oxidized by the air of the blast during the process of 
fusion, while in others it is directly added in the form of haematite, 
forge-scale, finery-cinder, &c. 

The methods employed for the production of malleable iron in open- 
hearths, although, from their antiquity and comparative simplicity, of 
much interest, are nevertheless gradually diminishing in importance ; 
this arises from the rapidly extending use of the puddling-furnace, which 
can not only be employed with fuel and materials of lower quality, but 
also admits of the more extensive application of machinery in the elabo- 
ration of the resulting iron. 

The methods of refining in the open hearth may be classified under 
three heads, according to the number of times the metal requires lifting 
or breaking-up, from the period when it is first fused until the bloom 
has been made ready for placing under the hammer. In accordance with 
this distinction, the method employed is distinguished as a single, 
double, or manifold running-down process, or in Germany, where a few 
small open-hearth establishments are still in operation, as einmdlige^ 
zicehnalifjPy or mehrmallge Schmelzerei, This distinction is, in a great 
measure, due to the number of heats employed during the operations 
requisite for the conversion of pig-iron into malleable metal 

In the first, or single method, employed in Styria, ■white pig-iron, 
nearly approximating in composition to refined metal, is used, and the 
elimination of combined carbon is principally effected by the addition of 
oxidizing agents, without material assistance from the injected blast ; the 
product is a steely iron, from which the excess of carbon is subsequently 
removed by subjecting the bloom to successive welding heats. In the 
second, or double process, the metal is run into the hearth or bloomery 
from a melting-down or running-out fire ; and in the last, of which the old 
German or Walloon forge may be taken as a type, the three operations of 
converting grey-iron into white, lifting, breaking-up, and the final balling 
are performed in the same hearth. 

German or Walloon Forge. — The -working of the German forge may 
be described generally as follows, although the various operations admit 
of more or less modification in accordance with circumstances, and the 
custom of the district in which the works may be situated. 

This operation is carried on in a small open fire, of which fig. 80 
represents a vertical section, and fig. 81 a ground plan; the quadran- 
gular hearth, H, is formed of thick cast-iron plates. The depth of the 
hearth is about 12 inches, and its width from 2 feet to 2 feet 2 inches. 

The blast is introduced by the tuyer, which projects about 4 inches 
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iuto the hearth, and is so inclined that its axis may intersect the opposite 
face, somewhat above the line of its junction with the plate forming the 
bottom. 



Fig SO — Gtini'in Ptrge, vertical secti'm 



fig SI —German Fngc , plan 


The tu}er is made of sheet-copper, and is of the form represented, 
hg. 82. In this are placed tlie noz7les of two 
wooden bellows, B, set in motion by a water-whc<*l, 
and arranged so as to allord a continuous stream of 
air. The movable lids of these are raised by cams, 
r, placed on the axle, A, of the water-wheel, and 
the too rapid fall of the vibrating segments is checked by their being 
attached to the levers, e, provided with boxes, le, in which are placed 
weights, for the purpose of regulating the rapidity of the descent. Th(i 
cams, c, are so disposed around the axle of the wheel that the movable 
half of one bellows begins to be raised precisely when that of the 
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other is being released, and in this way a continuous current of air is 
constantly kept up in the furnace. 

In front of the fire-place is a cast-iron plate, raised on one side to the 
level of the hearth, and on the other inclined to that of the refinery floor. 
An aperture, called the chio or slag-hole, passes through the side of the 
furnace, and enters the hearth at the bottom ; by this aperture the fusible 
slags are occasionally run off. Over the furnace is placed a hood, Vy 
which is made of brickwork, and being provided with a chimney, serves 
to carry off the smoke and gases evolved during the process. To the 
sides of tliis hood are attached plates of sheet-iron, for the purpose of 
screening the workmen from the heat to which they would otherwise be 
exposed. 

In order to understand the working of this furnace, we must suppose 
that an operation has just been terminated, and that the hearth still con- 
tains a considerable quantity of incandescent charcoal. 

The workman begins by filling the hearth with fresh fuel, and then 
gradually admits the blast. In the older forges the supply of air is 
regulated by limiting the supply of water on the wheel by which the 
bellows are set in motion, but in some of those of more recent construc- 
tion blowing cylinders are employed, and in that case the blast is 
adjusted by a valve situated near the tuyer. 

The iron to be refined is cast either into pigs of from 10 to 15 feet in 
length, or into short bars or thin plates. In the first case the bar is 
j)laced on iron rollers, and its extremity introduced into the middle of 
the hearth at a height of from 6 to 9 inches above the bottom. When, 
on the contrary, the metal to be refined has been cast into smaller masses, 
they are j)iled to the amount of from 2 to 3 cwt<. immediately upon the 
charcoal with which the cavity of the furnace is filled. 

After a short time the metal begins to melt, and passing through the 
current of air from the tuyer, falls to the bottom of the hearth. This 
peri(Kl of fusion ordinarily lasts from three to three and a half hours, and 
during that time advantage is taken of the heat developed to weld to- 
gether and form into bars the metal refined during the preceding opera- 
tion. Tlie drops of melted iron, in passing at a high temperature through 
the air furnished by the blast, becomes partially oxidized, and by subse- 
quent reaction of the basic silicates of iron formed, a considerable portion 
of the carbon is consumed. 

On arriving at the bottom of the hearth, the iron thus treated has 
become to a certain extent decarburized, and forms a pasty mass beneath 
the layer of fuel through which it has passed. The slag, which gradually 
accumulates in the furnace, is from time to time run off through the 
tapping-hole before referred to, care being taken to retain a sufficient 
quantity to carry on the process of decarburization. 

The oxidation of the iron is also promoted by bringing the melting 
mass immediately before the current of air thrown in by the tuyer. The 
slag run off is preserved for use in the succeeding operation. 
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When the partially refined bloom has become sufficiently resistant, 
the workman, by the aid of a strong bar of iron, rolls it up in the form 
of a ball, and raises it on the top of the fuel, which he now thrusts 
down into the bottom of the furnace. Fresh charcoal is at the same time 
added, and the pressure of the blast so increased that the mass is again 
subjected to strongly oxidizing influences, and a second time reaches the 
bottom of the hearth, where, from having now lost a considerable portion 
of its carbon, it forms a spongy mass. The detached fragments are now 
collected with an iron bar, and united into one mass. Should any 
portions appear to be imperfectly refined, they are again brought into a 
position to be directly acted on by the blast. 

When the mass has become sufticiently coherent the slag is run off, 
and the iron is rolled into a large ball, ami removed from the hearth by 
strong levers, and subjected to the action of a heavy liammer, by which 
the spongy matter is consolidated and welded together, while the siliceous 
slag is at the same time expressed from its pores. During this operation 
the hearth is cleaned out, ami the larger portion of the remaining slag 
is drawn off ; a certain quantity is nevertheless retained in tlie furnace 
to assist in the decarburization of the succeeding charge of cast-iron. 
Before again proceeding to charge, it is frequently found necessary to 
cool the hearth with water, which is made to circulate beneath the 
bottom plate. 

The richer slags thus removed are not thrown away, but, together 
with the scale produced during the hammering of the mass, are employed 
in the next operation, during the first melting of the pig-iron. 

After being removed from the hearth, the bloom is transported to an 
anvil, on which it receives the repeated blow’s of a heavy hammer, set in 
motion by a water-wheel, the slag becoming comjdetely expelled, and tlio 
iron consolidated into the form of an elongated prism. 

The hammer-head commonly weighs from 800 to 1,200 lbs., and is 
sometimes made of cast-iron, although wrought-iron is also employed, and 
in that case it is provided with a face of hardened steel. 

The anvil is, in most instances, of cast-iron, which, to give it greater 
solidity, rests on a heavy mass of the same material, supj)orted by a large 
wooden pile firmly fixed in the floor. The wooden l)eam which carries 
the hammer is strengthened by bands of iron, and is supported by a 
strong cast-iron ring, provided with trunnions, on wliich it turns when 
the head of the hammer is raised. These trunnions are supported by 
iron bearings fixed in wooden supports. l*arallel to the hammer-beam, 
and at a short distance from it, is situated a horizontal axle, moved by 
a water-wheel, and provided with a series of cams, which, by coming iu 
contact with an iron band, situated at about one-third part of the distance 
from the head to the trunnions, forming the centre of suspension, first 
lift the hammer, and then allow it to fall with its whole weight on the 
anvil beneath. To accelerate the fall of the hammer w^hen lifted to its 
full height it comes in contact with a long piece of elastic wood, which 
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acts as a spring, and, by causing the rapid descent of the hammer, pre- 
vents the falling beam from coming in contact with the cam which is 
next in the series. The extreme range of the hammer, or the height 
to which it is raised from the anvil at each blow, varies from 2 feet to 2 
feet 6 inches. 

When the working of a piece of iron has been completed, the hammer 
is propped to the full height of its course by a wooden support, which is 
removed as soon as the succeeding bloom has, by means of proper tongs, 
been placed upon the anvil. At first the water-wheel is made to revolve 
very slowly, and consequently a considerable interval occurs between 
each blow ; but by degrees a more plentiful supply of water is admitted, 
and the hammer soon attains its maximum speed, which is continued to 
the end of the operation. Whilst the bloom is being worked on the 
anvil, it is so turned by the workmen that all its sides successively be- 
come exposed to the hammer ; and by this means the slag is rapidly 
expelled from the spongy metal, \vhich is speedily formed into an 
elongated mass, of which the various parts have become firmly welded 
together. This is again subdivided, by a cutter, into three or four 
fragments, wliich are placed above the bloom formed in the next opera- 
tion, and when sufficiently heated are drawn into bars, under a hammer 
specially adapted for that purpose. The mass is divided by a kind of 
knife, placed on it whilst under the hammer, which, in its fall, strikes 
the back of the cutter, causing it to divide the iron. 

The hammer used fur drawing the divided bloom into bar?, is, in most 
instances, much lighter, and makes a greater number of blows in a given 
time, tlian that employed for ex- 
pressing the slag from the bloom 
when it fiiNt comes from the re- 
finery. This hammer, which has 
less lift than the one just described, 
is represented by figs. 8.‘1, 84. In 
this case, instead of being raised 
directly by cams, the motion is 
communicated on the other side 
of the centre of suspension ; the 
cam-axle, as in the other hammer, 
being turned on by a ^vater-whecl. 

Fig. 83 represents a front view, 
and fig. 84 a sectional elevation of 
this hammer. A, represents the 
axle of the water-wheel, on which are fixed the cams, c : these are fitted 
into a cast-iron ring, which is firmly secured on the shaft by the wedges, 
a, made of hard 'wood. 

The beam, B, carries the liammer, F, and is received into an iron 
ring, C, which is provided with trunnions, working in bearings between 



F»g. 83.— Tilt-Hanimer ; front view. 
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the perpendicular posts, D, and the cross-bars, E, which are strongly 
bolted togetlier. 

At the extremity of the beam opposite to that which carries the 
hammer, is an iron plate, firmly secured by means of the band, d ; 



Fig S4 — Tilt-Himour ; Sicctioiml elevation. 


against this plate the cams, which move in the direction indicated by 
the arrow, are successively brought to bear, and by their pre^ssure raise 
the hammer fixed on the other end of the wooden beam, which again 
falls as soon as tlie cam in contact with the plate, p, has so far depressed 
the end of the lever as to allow of its passing round without further im- 
pediment, A spring, E, is placed under the tail of tlie beam, instead of 
above the head. The faces of the hammer, F, and of the anvil, (t, which 
rests on the bed, II, are inclined at a certain angle with the floor; the 
guide. I, serves to steady long iron bars wdien worked under the hammer. 

The eight of each bloom is in most instances between 1 and 2 cwts., 
and 100 lbs. of cast iron produce about 85 lbs. of bars. For every 100 lbs 
of wrought-iron obtained, 150 lbs. of charcoal are employed. The bellows 
are stopped as soon as tlie bloom is ready to be placed under the hammer, 
and the whole operation occupies about live hour^. The irrni manufac- 
tured by this method is of excellent quality. Refiin*ries of this descrij)tion 
are sometimes supjilied with heated air instead of the ordinary cold-blast, 
and attempts liave been made to replace the emjdoyment of charcoal by 
the use of coke ; but the iron produced by this means is so much inferior 
to that prepared witli the usual fuel as to more than compensate for the 
advantages derived by tlie substitution of the cheaper combustible. 

The process above described i.s called by the (lermans Klwitp/ritichniy 
or lump-refining, and differs from the DurchhrechfnHchen^ because in the 
latter the bloom, instead of being rounded together in one mass on the 
hearth of the furnace, is tiieu .sepaiated into several jiieccs, which arc 
successively worked under the liammer. 

The French call the first jirocess affinage aa petit Jhgn\ and tlie 
second, affiwige par portions. 

A further distinction between the opcn-liearth processes may be founded 
upon the various methods adopted for working the iron, as it loses its 
carbon and becomes converted into malleable metal, or, as that transfor- 
mation is called in this country, it comes to nature. Wiicii of good quality 
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the whole charge may bo lifted together, and worked in a single mass 
before the tuyer, whereas with inferior descriptions the particles of iron, 
instead of being allowed to coalesce as they form, are divided into several 
portions, which, after being separately decarburised, may either be worked 
into one ball or forged separately. 

Three principal methods of manufacturing iron in the charcoal hearth 
are employed in Sweden : — the Walloon, the Franche-Comt^, and the 
Lancashire processes. Tlie first of these is confined to forges producing 
Dannemora steel-iron. The Franche-Comt6 and Lancashire hearths are 
covered and provided with flues in which the charge of pig-iron is 
heated previous to fusion, and where the blast is raised to a temperature 
of 100** C. by being passed through a series of cast-iron pipes; the 
})ressure employed is from 1 lb. to IJ lb. per square inch. 

In the first method the bloom, after shingling, is cut into two pieces 
and re-heated in the same fire ; wdiile in the Lancashire forge, either a 
second hearth, or a gas welding-furnace is employed for re-lieating. In 
both cases the weight of bar-iron produced is about 85 per cent, of that 
of the pig-metal operated on, and, under the most favourable conditions, 
the consumption of charcoal is about one and a half times the weight of 
the finished bars made. 

Iron for Tin-Plates. — In South Wales a superior description of iron 
employed for rolling into the thin sheets formerly much used in the manu- 
facture of tin-plates, was made in the charcoal hearth. The pig-metal 
treated was of good quality, and was smelted either with anthracite or 
in a coke furnace blown with cold-blast. The charge, which consisted of 
from 5 to 6 cwts. of good Welsh mine or haematite pig, was first melted 
in a small coke refinery with two tuyers, and, after the necessary amount 
of expo'iure to the oxidizing influences of the blast, was run off, through 
an inclined gutter, into charcoal hearths placed in front, and at a lower 
level. These hearths were made of cast-iron platens, their bottoms being 
cast hollow in order that they might be kept cool by the circulation of a 
current of cold air; the charge of refined metal was divided equally betw^een 
them, and each blown by a single tuyer. Water-tuyers were made use 
of both in the refinery and charcoal hearths, although cold-blast only was 
employed in each case. In the charcoal hearth the metal was frequently 
broken up and raised by an iron bar, the slags being run off two or three 
times during each operation, of which the average duration was little 
more than an hour. The whole of the charge was worked into a single 
ball, which weighed something le«!S than 2 cwts., and was first shingled 
under a tilt-hammer and then drawn into a long flattened bar about 2 
inches in thickness. This was partially cut through transversely, and 
broken by the blows of a sledge hammer into fragments called 
each w^eigliing about 28 lbs. The fracture of the pieces tlius broken oil 
was examined, and such only as presented a finely crystalline and uni- 
form grain were used in the formation of the jiile from whicli the finished 
sheet was made. 
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The re-heating of the stamps was conducted in a special furnace known 
as the hollow fire, consisting of a deep rectangular hearth roofed over at 
top. This hearth was partially filled with coke, and supplied with blast 
through a single inclined tuyer introduced near the top of the fuel. 

The piles, consisting of tiie fragments detached from the rough bars 
by the process above described, were supported upon a staff or flattened 
bar of iron, above the top of the fuel, but fully exposed to the action of 
the flame from the hearth. At the present time mild steel has almost 
entirely superseded the use of wrought-iron in the manufacture of tin- 
plates. 

In the West Riding of Yorkshire the same method of breaking and 
selecting the rough bars is employed in those forges which are most noted 
for the superiority of the iron they produce. 

Preparation of Malleable Iron nr the Reverberatory Process. 

Puddling. — The reverberatory process for converting cast into malle- 
able iron, introduced by Henry Cort, in 1784, has now almost entirely 
superseded all others in localities in which mineral fuel is mcnlerately 
abundant, while the introduction of gas furnaces has been the means of 
its becoming very general, even in wooded districts and in localities 
where inferior descriptions of fuel only are available. Not only wood, 
but also brown coal and j)eat, may, when converted into carbonic oxide, 
be employed as fuel in the puddling-furnace. The reactions which take 
place during the operation of puddling are of a similar cliaracter to those 
of the open hearth, as the decarburization of pig-iron is effected by the 
joint action of a current of atmospheric air and oxidizing fluxes. In the 
puddling-furnace, however, a current of air is obtained by the draught 
of a higli chimney instead of by a blast, and according to the relative 
importance of tlie effect jiroduced by tlie action of atniosjdieric air or by 
oxidizing fluxes respectively, the process is spoken of as the ‘‘dry” or 
the “ wet ” metliod of puddling. In the old process of dru puddlitoj the 
necessary oxygen is chiefly derived from atmospheric air, while on the 
contrary, in wet yuddlin(j, or ^ng-hoiUnfj, it is, to a very large extent, 
furnished by the slags and oxides of iron added. In either case the 
conversion of grey-pig into white-metal, by a preliminary fusion, is advan- 
tageous, and the opeiation thereby accelerated. 

The fire-place of the modern puddling-furnace, figs. 85, 86, and 87, 
(slightly modified from Percy) is rectangular and divided from the hearth 
by a low fire-bridge ; the roof, which is a flat arch, has a gradual slo])e 
towards the flue. The fire-bars, a, are movable for greater convenience in 
removing the clinker, and a pow'erful draught is obtained by moans of a 
brick chimney, b, from 30 to 50 feet in height, strengthened by iron 
ties ; at top this shaft is furnished with a sheet-iron damper, c, opened 
and shut by a lever and chain, by which the workmen can regulate at 
will the amount of air passing through the furnace. The outside walls 
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are enclosed with strong side-plates of cast-iron, united by flanges and 
bolts, and are bound together by wrought-iron tie-rods across the top. By 
this means not only is the perfect solidity of the structure insured, but 
the entrance of air through rents in the brickwork entirely prevented. 
The bottom of the bed, c/, is formed of cast-iron plates united by tenon- 
joints, and supported on dwarf pillars of the same metal The sides of 



this bed are variously constructed, according to tlie method of artificial 
cooling adopted, but they are frequently made of hollow iron castings, 
through which a current of air circulates for the purpose of protecting 
them from the intense heat of the furnace. The hearth, 6 feet in length, 
is terminated at either end by a straight wall of fire-brick, that nearest 
the fire-place being called the fire-hridgcy and the other, at the opposite 
end, the Jlue-hridge, The brickwork is made to overlap the top of the 
side-frame in such a way as to form a recess for the refractory material 

T 



Fig 87 — Puddling Furnace , section on A, B (fig 85) 

The depth of the fiie-place varies with the nature of the fuel einplo}<‘(l, 
being greatest when tlie coals used aie but slightly bituminous. For 
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furnaces provided with an ordinary fire-grate, the best fuel is non-caking 
coal, containing but a small amount of sulphur, and burning with a long 
flame. The grate-area should be between one-half and one-third that of 
the bed ; or, taking the latter at 20 square feet, the area of the grate will 
be from 7 to 8 square feet. The firing-hole, e, which is placed about a 
foot above the grate, has no door, but is closed by throwing a shovelful 
of coal on a projecting ledge cast upon the iron casing, and piling it 
against the opening. The flue — of which the sectional area varies with 
the nature of the fuel employed, being for bituminous coal one-fifth that 
of the grate, and for anthracite about one-seventh — slopes gradually 
towards the stack. In some cases, a second bed is placed behind the 
flue-bridge, on which the pig-iron destined for the succeeding charge is 
heated by means of the flame which passes over it on its way to the 
chimney ; in others when, as in some gas furnaces, a blast is used, the air 
is heated by first passing through the hollow side-frames of the hearth, 
and afterwards through a coil of iron pipes situated between the furnace 
and the base of the chimney. The w^alls of the stack are of common 
brick, with an internal lining of fire-brick, and the working-door, /, 
which is situated on the same side of the furnace as the fire-hole, is a 
large fire-iile, set in a cast-iron frame, suspended by a chain to a lever 
liaving a counterbalance-weight at the other end. This is only opened 
for the purpose of charging, or for removing the puddled balls, but a 
small rectangular or arched notch, <7, called the stopper-hole^ is cut out 
of its lower edge for the introduction of the tools used in stirring or 
rabbling the charge. The sill of the working-door is about 10 inches 
above the bottom of the bed of the furnace, and below it is a tap-hole, h, 
usually kept closed, through which the slag, or tap-cinder^ is withdrawn 
from time to time as may be required. Another portion of tlie slag 
overflows the flue-bridge, and runs down the inclined flue to the bottom 
of the stack, where it is allowed to accumulate. 

The j)ortion of the bed opposite the working- door is of a curved 
form, and in the ordinary single furnace is only accessible from one side ; 
but double furnaces have doors on both sides, so that tAvo sets of pud- 
dlers may Avork at the same time on a charge, of which the Aveight is 
pro]>ortionat(dy increased. 

The Avorking bed, or lining, of the puddling- furnace was formerly 
composed of sand, but substances rich in oxide of iron are now employed. 
These not only materially assist the process, but also, under certain 
circumstances, improve the quality of the metal produced. The cast- 
iron bottom is usually prepared for use by being covered with a layer 
of tap-cinder or hammer-slag, which is heated until it has assumed a 
pasty condition and is then worked dowm and uniformly spread over its 
surface ; this is covered by a thin layer of fettling composed of nearly 
pure oxide of iron. The thickness of the finished coating need not 
exceed inch, and the first charge should consist of scrap-iron, or of 
waste blooms and refined metal Grey-pig should not be puddled alone 
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before the refractory lining has become sufficiently consolidated to resist 
the action of silica resulting from the oxidation of silicon contained in 
the metal. 

The side-plates of the hearth as well as the bottom require to bo lined 
with some substance rich in oxide of iron ; the best materials for this are 
the pure oxides of iron, such as hapinatite, magnetite, or roasted spathose 
ore, free from earthy matter. Roasted tap-cinder, known as hull-dog^ is 
extensively used, as is also purple ore^ or blue hilhj^ which is the residue 
from the treatment of roasted cupriferous Spanish and Portuguese pyrites 
by the wet process for extnicting copper.^ 

Otlier substances are occasional!}' employed for fettling, but in 
selecting materials for this purpose all such as contain a notable quantity 
of quartz should be carefully avoided. The presence of a certain amount 
of clay is only injurious as diminishing, in some degree, the durability 
of the lining. The most desirable material for fettling is what is known 
as best tap^ wliich is the cinder from a re-heating furnace in which piles 
of wrought-iron are prepared for rolling on a cast-iron bottom, known as 
a cinder-bottom, iu contradistinction to the original brick hearth covered 
w’ith sand. A furnace fettled wholly with best tap so afleets the quality 
of tlie metal produced, that good iron may be made even from cinder-pig, 
'while from pig of fair quality the weight of puddle-bar produced is 
greater than that of the pig-iron operated upon. Titanic iron ore, or 
ilmenite, forms a very durable fettling, but is said to r(*nder the iron 
cold-short. The process of refining iron in the old refinery is still carried 
on in some works, but has, to a large extent, been superseded by pig- 
boiling, or puddling pig-metal without previous prepanition. 

The process of puddling may be de.scribed as including four distinct 
operations, namely, the melting-down of the charge ; its incor[)oration at 
a low heat w'ith oxidizing fluxes; the elimination of carbon by stirring, 
with expo.^iire to air at a high temperature ; and, finally, the preparation 
of balls of fcpongy metal .suitable for squeezing or hammering. Altliough 
susceptible of considerable modification, the following may be considered 
aft a general outline of the ordinary metliod of puddling. 

As soon as the charge has been intnKluced into the jjreviously lieatcMl 

^ The average composition of this substance is as follows : 
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furnace, the working-door is closed, and the joints, if necessary, luted 
with clay ; the grate is also pricked, fresh fuel added, and the firing-hole 
stopped with slack, in order that no air may enter except through the 
ash-pit. At the expiration of about a quarter of an hour, when the metal 
begins to soften, the puddler introduces a bar or rahhle through the notch in 
the bottom of the working-door, and removes any unmelted lumps from the 
sides of the furnace to the middle of the hearth. The fire is now increased 
during a few minutes, and as soon as the metal has become uniformly 
liquid it is briskly stirred, the temperature being at the same time 
gradually lowered by partially closing the damper on the top of the 
stack, until the surface of the charge has, by the formation of a cover- 
ing of slag, become protected from further oxidation by the action of 
the air passing tlirough the furnace. The management of the operation 
immediately after charging is more or less varied in accordance with the 
nature of the metal treated. With grey-iron, which becomes exceedingly 
li(piid when fused, the fragments may, when the furnace is sufficiently 
liot, be distributed equally over the bed ; when, however, it is less highly 
heated, the pigs of metal are piled near the fire-bridge, and as the 
operation proc(*eds and the heat increases, the unmelted portions are 
drawn into the centre, and forced beneath the surface of the fused slag. 
When, on the contrary, white or refined iron is operated U})on, it is 
advantageous to bring the furnace to a high heat before the introduction 
of the chaige. By this means the metal is made to fuse more rapidly, 
and is less subject to oxidation than when the operation is more 
prolonged. 

In order to obtain the full benefit of the oxidizing power of the slags, 
it is necessary that they should be intimately incorporated with the metal, 
and for this purpose the draught is checked, the temperature lowered, 
and the cliarge, while in a j)asty state, well stirred. Hammer-slag or 
jn ill-cinder is also added for the purpose of rendering the slags more 
basic, and to compensate for the silica resulting from the oxidation of 
the silicon of the pig-iron. As soon as the mass has thus become pasty 
the reaction of the oxides and silicates of iron upon the carbon of the 
metal becomes apparent, and copious blue flames, resulting from the 
combustion of carl>onic oxide, make their appearance. The damper is 
now opened, and on the temperature becoming higher, the surface begins 
to boil from the rapid escape of carbonic oxide ; some of the slag is run 
off, and the action is accelerated by stirring with a hooked iron bar or 
rabble. At this point the puddler, using the side of the door-frame as a 
fulcrum, sweeps every portion of the bed from the centre towards the 
bri<lges, and in order to prevent the tool from becoming too hot and 
adhering to the metal, it requires to be frequently changed. On being 
taken out of the furnace it is cooled in a cistern or icater-hoshy by which 
the adhering cinder becomes detached, and the hook at its end is after- 
wards hammered into shape. In proportion as the carbon becomes eli- 
minated, the violence of the ebullition is diminished, the mass begins 



!2g4 ELEMENTS OP METALLURGY. 

to stiffen, or “ come to nature,” and malleable iron begins to make its 
apjxiamnce. To prevent a too rapid agglomeration of tlie charge, the 
contents of the furnace are again broken up, and thoroughly mixed by 
stirring ; any pasty lumps adhering to the sides are detached, and the 
mass is subjected to a final heat for the purpose of rendering the cinder 
perfectly licpiid, and thereby facilitating its sej^aration from the metal. 

The last operation consists in forming the metal into balls ; this is 
done by detaching from the charge masses each weighing from 60 to 
80 lbs., and compressing them with the tool until they have acquired 
sufficient coherence to admit of being moved witliout falling to pieces. 
This may he effected either hy pressure against the bottom and sides 
of the furnace, or by so rolling a small nucleus of metal on the hearth 
as to collect <.>ther fragments which become attached to it by welding. 
As soon as a ball lias been thus prepared, the workman, by means of a 
strong iron tool, places it close to the fire-bridge on tlio far side of the 
furnace, for the purpose of protecting it against the action of the air 
entering the working-door and passing off by the chimney ; the making 
of the second ball is then at once ju’oceeded with in like manner, and 
when the whole charge has been balled up, the working-door and stopper- 
hole are closed and the last heat given. 

Finally, the balls are drawn, one by one, to tin' working-door, 
lifted by suitable tongs to the iron table in front of it, and afterwards, 
either dragged along the floor, or, more frefpiently, carried on a small 
wi ought-iron truck to tlie machine by which the shimjUiitj or fust com- 
pression of the metal is effected. 

The old system of dry puddling is applicable* to the treatment of 
white or refined metal only, and, as before stated, the oxidation of the 
caibon is more dependent on the action of atmo^^plieric air than it is in 
pig-boiling; the quantity of slag jmxluced is also considerably less. ]>y 
this jjrocess, as soon as tlie metal has been meltetl down and lias a«?«:unied 
a jiasty state, it is broken up and ke{>t constantly stirred for the purpose 
of incorporating with it the oxide produced during the ojieration. The 
charge of the furnace is maintained in a ])artially or pa'jty state, 

and the stirring goes on almost continuously from the running-down to 
the balling-np. As, liowever, the use of sand ]>ottonis is attended with 
great loss of iron, and the metal produced is of inferior quality, they 
have, at the present time, become obsolete. 

The charge of a jiuddling-furnace is, in Staffordsliirc, from 4 to 
4^ cwts., and from five to seven heats are worked off by a puddler and 
his assistant during a turn of twelve hours ; the difference of weight 
between the pig-iron charged and the puddled bars obtained is from 
7 to 10 per cent. The coal consumed is about equal in weight to 
the puddled bars made, and the fettling materials required, per tuni, 
are from 6 to 7 cwts. of bull-dog, and 2 to 3 cwts. of puddloFs ore, or 
blue billy, to which must be added the mill-scale introduced into the 
chaiges. In Scotland, where dark-grey metal, containing a large amount 
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of silicon, is puddled without being previously refined, from four to five 
heats only, each of 4 cwts., are made in twelve hours ; in this case the 
loss experienced, from pig-iron to puddled bars, is from 16 to 18 per cent., 
and the consumption of coal per ton of the latter varies from 25 to 
26 cwts. In Cleveland the consumption of small coal is from 24 to 27 
cwts. per ton of puddled bars made. 

Wrought-iron of very superior quality is manufactured in the West 
Riding of Yorksliire from cold-blast refined metal. The furnace em- 
ployed is of comparatively small size, and is provided with a very high 
stack, fur the purpose of insuring a strong draught. The charge, weigh- 
ing 3 cwts., is heated to redness before its introduction into the furnace, 
and tlie melting-down is effected in from twenty to twenty-five minutes ; 
the 'wliole operation occupies about one hour and twenty minutes, and 
nine heats are made in the course of twelve hours. Three or four 
])alls only are obtained from each heat, which, after shingling under a 
helve-hammer, are made into stamps from 10 to 12 inches square and 

inches in tliickncss; these are broken by the fall of a heavy weight, 
and suhscc^uently assorted in accordance wdth the nature of the fracture 
wliich they severally exhibit. Those w’hich are most uniformly crystal- 
line arc employed for the manufacture of hard bars, 'vvhile those showing 
a distinct fibre are reserved for making into boiler-plates and wire-rods. 
The consumj)tion of coal is about 30 cwts. per ton of fine metal treated. 
In Belgium the coal consumed is usually equal in weight to the puddled 
bars obtained, and the loss on cast-iron is from 7 to 10 per cent., accord- 
ing to the quality of the metal operated on. 

Puddliwj in Gas Furnaces . — In Carinthia gas puddling-furnaces are 
emjdoyed, the fuel being air-dried wood, which is converted into gas in 
a generator having a capacity of about 14 cubic feet ; air is introduced 
near the bottom at a pressure of half an inch of mercury, and the com- 
bustion of ilie gases is effected by a second blast brought in imme- 
diately above the fire-bridge, through an oblong tuyer extending the whole 
width of tlie heartli. This blast is heated to a temperature of 200** C., by 
j)assiiig through tlie hollow side-plates of the furnace, and a second bed, 
situated between the puddling-furnace and the chimney, is used for heat- 
ing up the metal which is to constitute the next charge. In Styria, 
lignite is sometimes employed for puddling, the consumption being from 
22 to 24 cwts. per ton of blooms, and the loss of weight on the metal 
from 6 to 10 peu* cent. From 200 to 280 cubic feet of wood are required 
to produce 1 ton of blooms, and from 240 to 360 cubic feet of turf are 
capable of yielding the same result; the consumption does not appear 
to differ materially, whether it be consumed on an ordinary grate or 
converted into gas. A gas puddling -furnace employed at Xeustadt 
(Hanover), in wliicli turf is the fuel used, is represented, figs. 88, 89, of 
which the first is a longitudinal, and the second a horizontal section 
above the level of the hearth. The gas-generator. A, is supplied witli 
fuel by the lioppor, a, and at bottom is provided with a set of fire- 
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bars, If ; the air necessary for the conversion of the carbon of the turf 
into carbonic oxide gas is supplied from tlie blast-main of the estab- 
lishment, through the tap, c, passing into the ash-pit l)enoath the bars. 
Another portion of the blast enters the cast-iron sides, d, of the hearth 
thiough the pipes, e, whence, after becoming to a certain extent lieateJ, 



Fig SP — Pudtiling Furnatc, Nouatadt , liori/ontal acction 


it passes off by the pipe, /, to the heater, which coveis the flue of the 
furnace. This is made of cast-iron with a sheet-iron toj), and has a 
number of divisions cast on the lower plate, through which the blast cir- 
culates in a zigzag direction. Here the air, which has become heated 1 )y 
passing through the sides of the hearth, is further elevated in temjiorature, 
and escaping by the pipe, h, is conducted to the inclined tuycr, i, which 
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ifl oblong in fonn and extends completely across the bridge. The bottom 
and sido-platcs of the hearth, B, are shown in the drawing without any 
lining* but this requires to be adde<l before the furnace can be used for 
puddling ; the heated gases escaping from the apparatus are finally utilized 
])y passing under and around the steam-boiler, C. 

Among the various contrivances employed for puddling cast-iron, 
Siemens^ regenerative gas-furnace is of great iin^mrtance. The way in 
which this princijde is applied is shown, tigs. *J5, 26, 27, which represent 
a gas ri*-hcating furnace on this plan. The dilTenince in general form 
heUveeu a re-\\ealiug ami a puddling-furnace U not very great, and con- 
Po»iu(*ul\y it \vi\\ be easy, in von?u\ung drawings v>l viic om, to wnder^stand 
the appliciition of tlio system to the other. 

Two men, a piuldlor mid his assistant, usually conduct the working of 
each furnace ; the former dries the heaviest portion of the work, including 
making up tiie Mh, while the latter attends to the firing, and also does a 
l>ortion of the stirring and rabbling. 

The tools employed in puddling are of two kinds, namely, long 
straight chisel-shaped bars or paddles, and hooked flat-ended bars or 
rabbles. When witlidrawn from the furnace, the ends of these are 
coated with molten cinder, which is removed by quenching in a cistern 
of cold water. 

Various attempts liave been made to puddle iioii by maebinery, and 
tlic methods proposed for effecting this object may be classified under two 
distinct heads, namely, by imitating the motions of hand-stirring by 
mechanical appliances, and by using rotatory or oscillatory hearths. 

Mechanical Rabbles , — For some time mechanical rabbles have been 
attached to puddling-furnaces for the purpose of diminishing the heavy 
labour of stirring ; they are, however, useless in the laborious operation 
of balling, and tlieir adoption has not become general. 

In Eastwood's mechanical stirrer, wliich is one of the simplest machines 
of this class, the rabbling-tool is suspended in a stirrup at tlie end of a 
bent lever, which receives a reciprocating motion by means of a crank. 
The centre of oscillation of this lever is at the extremity of an inclined 
jib, to wliich a lateral motion is imparted by a rod working on a pin 
attached to a screw-wheel, driven by a worm on the crank-shaft. Motion 
is given to tliis arrangement by a chain passing over a pulley, and the 
rabble is moved backw'ards and forwards across the hearth, once in each 
revolution, while at the same time its point of suspension is shifted a 
short distance by the movement of the jib, caused by the screw-gearing. 
In this way a compound motion is communicated to the tool, which 
causes it to travel gradually over every portion of the furnace bottom. 
Tliis apparatus is bolted to the casing-plates of the furnace, and the 
driving-pulley is connected to the shaft by a fast-and-loose clutcli. Tlie 
furnaces of Tooth, Menelaus, and Danks are themselves movable. 

Rotath^ Furnaces , — The first experiment with a rotative furnace 
attended with any degree of success was that of Tooth, who used a 
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wTOUglitriron cylinder lined with fire-brick ; this was made to revolve 
between a fire-place and the flue leading to a chimney ; the flames passed 
through the cylinder, and the balls, when ready, w’ero withdrawn from 
the end. It was found that the brick lining of this machine rapidly w’oro 
away, and that the iron was imperfectly puddled, as the mass obtained 
frequently enclosed a central lump of unchanged cast-iron. 

Menelaus improved upon Tooth’s machine, and the results obtained 
were much more satisfactory. The rotating portion w^as egg-shaped 
inside ; the idea being that whereas in Tooth's machine the iron was 
simply rolled round, in the elliptical revolver, from the diiferent dia- 
meters at various parts, the action w^ould be to so break up the iron as 
not to form a cylindrical mass like that produced in Tooth's machine ; 
thiib in turn exposing every portion to the oxidizing action of the air and 
cinder. This revolver w^as removable, and by means of a crane and a pair 
of trunnions Avas moved from the fire-place, tilted on end, and the lump 


m 



of iron turned out, in one ma'ss, upon a bogie, and taken to tlio hammer. 
The experiments of ^fenelaus appear to liave, practically, failed to give 
satisfactory results solely on account of the difficulty ex))erienced in find- 
ing a suitable lining; he first tried ganister aUil various descriptions of brick 
and ilrnenite. llmenite was found to stand best, but it ^vas difficult to 
fix it in tlie furnace, and it moreover made the iron cold-sliort. 

Danks’ rotative puddling-furnace, which was invented in America, 
and subsequently introduce/d into tliis country upon a large scale after 
being favourably reported upon by a Commission of the Iron and Steel 
Institute, is represented in longitudinal section, fig. 90, and in end eleva<* 




IRON. 


299 


tion, partly section through the revolving chamber, fig. 91 ; fig. 92 is an 
elevation of the movable cnd-piece and flue. The revolving cylindrical 
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1 



Fig, 92 —Dunks’ Tuddling- Machine ; end-piece. 

chamber, A, is made with wedge-shaped recesses, wJiich act mechanically 
111 letaining the initial lining in its place. This first lining may be com- 
posed of any iron ore, free from silica, ground w ith cream of lime ; this 
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is introduced in the state of mortar, and when dry becomes a refractory 
and sufficiently coherent material to allow of the fettling being melted 
rrpon it without either melting itself or breaking away from the plates. 
The ore employed for mixing with the lime should, by preference, be 
anhydrous, since otherwise the removal of its water of combination, by 
the heat to which it is exposed, is liable to cause the crumbling of the 
mass. 

Upon this foundation a quantity of any ore, free from silica, may be 
melted, and for this jmrpose the liydratod vnieties may be eni}>l()yed, as 
their combined water is rapidly driven oil*. Into the bath of melted ore 
thus obtained, large solid lumps of the same material are thrown, and 
these, being cold, cause the melted ore to set round them, and by firmly 
fixing them in tlicir places a rough internal lining is produced. It is not 
only necessary that these lumps should be moderately free from silica, 
but also that their texture should be sucli as to prevent tlieir crumbling 
by heat ; this was found to he the case with ilmenite. llest tajvcinder 
answers this purpose very well, and, when suitable ores cannot be obtained, 
oxidized sciiqviron may be sul)stituted with advantage. Tlie Danks furnace 
has a closed ash-pit, the necessary air being supplied by a fan-blast 
through the pipe, B ; jets of air are also introduceil over tlie fuel by 
tlie nozzles, r, in connection with the air-main, C ; these, which extend 
the whole width of the bridge, enable the puddler in charge of the 
machine to regulate the draught, and he has thus com])lete control over 
the furnace. 

As time is lost, and a considerable amount of fuel (‘xpended in melt- 
ing the charge in the revolving furnace, the j)ig should either ])e fused in a 
cupola or run directly from the blast-furnace in which it is produced. A 
jet of water is directed against the lining on the descending side, for the 
purpose of chilling a portion of the Ihpiid cinder and causing it to be 
carried under the metal. Mr. Snelus is of opinion tliat this lia< also the 
effect of carrying off sulpliur from the cinder, as in the case of Parry’s 
steam-refinery. 

When grey pig-iron is treated, the boil commences in about tcui 
minutes, but with white-pig it begins in two or three minutes only after 
melting. After tapping off the cinder, the c}'lindcr is set in motion and 
the fire urged ; the iron now begin.s to boil violently, and carbon l)econies 
rapidly oxidized. But little cinder is produced during this jiortion of 
the operation, and the greater part of it is removed with the ball. An 
ingenious arrangement, consisting of a movable end-piece, fig. 92, at 
the back of the flue, permits the ball to be removed from the Danks 
furnace by a fork worked by a crane, by which it is placed on a bogie 
and carried to a hammer or squeezer. The revolving cylinder. A, is sup- 
ported on friction rollers, d, and is set in motion by the pinion, working 
in the toothed segments, /. G is the firing-hole, and h the pas.sage for 
the flame and gases into the cylinder; i is the chimney-stack, k the 
stationary flue, I suspension-rods with swivels, m water-pipes, n water- 
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front or movable piece, 0 supports, p stopper-hole, q tapping-hole. The 
firing-hole, G, has a coil of wrought-iron pipe cast in its lining for the 
purpose of allowing the circulation of a stream of water to keep it coot, 
and the bridge-plate between the fire and the charge of metal has also 
a coil of water-pipe cast into it for the same purpose. 

In Danks^ machine the puddling is entirely effected by the fettling, 
the carbon, silicon, and phosphorus being almost completely oxidized by 
it, and by the cinder introduced. The separation of silicon, sulphur, and 
phosphorus, by this apparatus, is said to be more perfect than by hand- 
puddling, and the inventor alleges that the more silicon and phosphorus 
the pig contains the better will be the quality of the iron produced. 
Strange as this statement may appear, it is confirmed by Riley, who 
says that tlie views of Mr. Banks seemed to be borne out by the results 
of the working of the machine in this country. 

The weight of the ball being about 650 lbs., which is larger than 
could be conveniently handled in the ordinary squeezer, Mr. Banks 
designed a special machine for shingling, which will be described when 
treating of forge-machinery. Iron thus produced, after being thoroughly 
S(jueez(*d and re-lieated, can be rolled out at once into a rail or large bar, 
without the operation, now required, of rolling into puddle-bar, piling, 
re-heating, and again rolling. 

Tiie Banks furnace, as orginally constructed, has been found incapable 
of sustaining tlie wear and tear of continuous working for any lengthened 
j)eriod, and has therefore been nearly, if not entirely, abandoned, both in 
Europe and America. At Creusot it is used in an improved form, having 
the revolving portion surrounded by a water-jacket, which cools the 
cylinder and preserves its shape. There is also a projecting central bridge 
likewise cooled by water, which divides the inside into two parts. The 
movable flue-piece is hinged, and can b(* moved in or out of the working 
portion by a rack-and-pinion gearing similar to that of the Bessemer con- 
verter. The metal, charged in the melted state in quantities of 20 cwts. 
at a time, is brought to the balling condition in about half an hour, with 
a loss of about 15 ]>er cent., giving a mass of puddled iron weighing 17 
cwts., divided into two parts by the bridge, which are shingled separately. 
The consumption of fuel is from 9 to 10 cwts. per ton of blooms, exclu- 
sive of that required for melting the pig-metal. The lining requires 
to bo completely renewed after working ten or twelve charges, or about 
once in twenty-four hours. 

A revolving puddling-machine has also been invented by Mr. Spencer, 
of the West Hartlepool Iron-Works. His converter is rhomboidal in form, 
having at its two oj^posite ends axes at right angles to the extremities or 
discs. These are made to revolve on rollers by suitable gearing. The 
sides are honeycombed to retain the fettling, consisting of best tap, which 
is introduced into the recesses, and fresh lap melted over it Experiments 
made with this apparatus have shown that the silicon and phosphorus 
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are almost completely removed by it from Cleveland pig-iron containing 
above 2 per cent, of the latter element. 

Forge-Machinery and Operations. — That portion of an iron-works 
in which puddled blooms or rough bars are produced, including jmddling- 
furnaces, shingling- machines, and puddling- rolls, is called the forge; 
while those portions of the establishment in which rough bars are re- 
heated and transformed into finished or merchant iron, are known as the 
mill. This department comprehends the re-heating or balling-furnaces, 
together with the mills and other appliances employed in the production 
of bars, plates, sheets, or other merchantable forms. 

Hammers , — The compression of the rough balls of malleable iron 
into blooms is effected by the use of either hammers or squeezers, the 
former acting by percussion and the latter by compression. In the 
puddling-forge, the blooms thus obtained are also converted into rough 
bars by passing them, at the same heat, through a rolling-mill. Ham- 
mers of two kinds only were formerly employed in the preparation of 
blooms ; in the first, or tilt-hammer, the axis is placed bctwe*en the point 
where the cam acts upon the shaft and the head, while in lifting-hammers, 
or helves, the hammer-block and lifting-cam are both on the same side of 
the fulcrum. Both are, however, now very generally .superseded by the 
steam-hammer. 

Tilt-hammers are usually small in size, and anj driven at a con- 
siderable speed, being used mther in drawing out bars and finishing 
work generally, than for shingling blooms. The shaft is made of one or 
more beams of straight-grained timber, which, in the latter case, are 
hooped together with wrought-iron ring«i, and tiie pivots either pass 
through the shaft or are moie frequently attaclietl as trunnions to a 
strong broad hoop. The head lias usually somewhat the form of a 
sledge-hammer ; the general arrangement of a hammer of this description 
is shown in figs. 83, 84, pp, 285-G. 

Helve-hammers are of two kinds : the nose, or frontal helve, in wdiich 
the cam acts upon a projection imuHnliately in front of tlie hammer- 
block ; and the belly helve, which ha^ the cam-.‘»haft below the level of 
the floor, and which acts upon it alKiut midway lietweon the fulcrum 
and the head. Hammers of this de.scription, such as were formerly in 
general u.se in puddling -forges, liave been made of all weights up to 
10 tons ; the most usual sizes are from 5 to 7 tons, giving from s(*venty 
to seventy-six blows j>er minute, with a lift of from 16 to 18 inches. 
In order to avoid injury to tlie machine, the hammer is never allowtsd 
to fall directly upon its anvil, and, v ith this object, when not in 
use, a stop, or gag, is jdaced between tiiein. AVhcn this has to be 
removed, a piece of iron is placed on the tongue, of sufficient thickness 
that, on the cam coming in contact with it, the hammer is lifted clear of 
the prop, which may then be removed and the machine again brought 
into >vorking order. The foundation usually consists of a solid bedding 
of wood, containing from 1,000 to 1,500 cubic feet of oak, capped by a 
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cast-iron bed-plate weighing from 10 to 12 tons, and measuring about 
24 feet by 7 feet. Two standards, a, fig. 93, for carrying the helve, are 
fixed on the bed-plate in strong jaws, and a third, h, for carrying the 
cam-shaft, c, is secured in the same way. The helve, which is T-shaped 
in plan, is about 8 feet in length, 6 feet in width at the centre of 
vibration, d, 2 feet in depth, and 12 inches wide in the middle; at the 
end farthest from the point of suspension is a recess 18 inches square, on 
the lower side, for receiving the hammer-face, e. The anvil-block stands 
on the bed-plate under the centre of the hammer-face, and has, on its 
upper side, a face, /, similar to that of the hammer. The helve is lifted 
by a revolving cam-ring, about five feet in diameter, having four cams 
or wipers on its circumference, which, coming in contact with it, raise it, 
and passing onwards, allow it to fall upon the bloom resting on the 
anvil beneath. The following are the approximate weights of the castings 



Vig. 9.i - Helve-Hammer, Oo^lais, from Truran. 


employed in the constniction of a hammer of moderate size : Bed-plate, 
11 tons; helve-stand, 3 tons; helve, 51 tons; hammer-face, 15 cwts. ; 
anvil-block, 51 tons; anvil-face, 16 cwts.; standards under cam-ring 
shaft, 21 tons; cam-ring shaft, 7 tons; cam-ring, tons; four cams, 
24 cwts. ; total, 41.1 tons. 

The puddled ball having been placed on the anvil, the helve is lifted 
off tlie prop by a boy, who holds a small iron block beneath the tongue, 
which, coming in contact with the wiper, the prop is withdrawn and the 
hammer descends upon the ball The helve is lifted by the several 
wipers as they pass in succession, and the ball is converted into a bloom 
in from eighteen to thirty secouds, during which time it receives from 
fifteen to twenty blows. 

The workingdaces of both hammer and anvil are subject to great wear 
and tear, and re(|uire to be frequently replaced ; they may be rendered 
Uiore durable by causing a current of water to circulate constantly through 
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them; but this expedient, introduced by Condie, the inventor of the 
water-tuyer, was never generally adopted. 

The steam-hammer is now generally preferred to the helve for 
shingling and balling purposes, and is thus employed in nearly all the 
more recently erected forges. It essentially consists of a vertical high- 
j)ressure engine, with an inverted cylinder, supported by a framing, 
often consisting of two heavy cast-iron standards. The piston-roil, 
which passes through the lower cover of the cylinder, is directly attached 
to a heavy block or tup moving vertically between guides on the inner 
faces of the standards. In single-acting hammers, steam is admitted on 
one side only of the piston, so as merely to laise the tup, which, on the 
connection with the boiler being cut off, falls with its whole weight, the 
steam escaping by an exhaust-port which is opened when the steam pas- 
sage is closed ; double-acting hammers are also made, in which the force 
of the blow is increased by admitting steam on the upper surface of the 
piston, and thus accelerating its descent. The steam-hammer possesses a 
great advantage over those of the ordinary construction, inasmuch as it 
admits of the force of the blow being regulated in accordance with the 
requirements of the work in hand. This is done by throttling the 
exhaust >)y a properly constructed valve, and allowing the piston to fall 
upon a cusliion of steam. This power of moderating the force of the 
blow is of gi’eat advantage in the shingling of blooms, since at the com- 
mencement it is often desirable to consolidate the ball by short light 
strokes, and afterwards, as the iron becomes more compact, to increase 
the impact by lengthening the fall. The hammers generally used in 
puddling forges vary in weight from 30 to 60 cwts. ; one weighing 50 
cwts. is considered of sufficient power to do the work of twelve furnaces, 
and may he supplied with steam by a boiler utilizing a portion of the 
waste heat of the establisliment. In steel-works, and for blooming and 
forging large masses of metal, very heavy hammers, having blocks weigh- 
ing 80 and even 100 tons, are sometimes employed ; those of the largest 
size are usually single-acting, the emjdoyment of sU'am above the piston 
being chiefly confined to those of moderate diineiisioiis. Messrs. Thwaites 
& Carbutt, of Ilradford, were the makers of a double-acting steaiii- 
hamnier, of uhich fig. 94 is a side elevation. The framing is princi- 
pally of wrought-iron. The hammer-block. A, which weighs 10 tons, 
is attached to the ])iston-rod ; the piston is 34 inches in diameter, and 
the stroke 7 feet The slide-valve is tubular, and is so balanced against 
the pressure of the steam as to be easily moved by the lever, a; the 
stop-valve for regulating tlie admission of steam is worked by another 
lever connected with the rod, h. AVhen not hand-worked, tlio stroke 
of tlie steam-hammer is determined by a tai)pet coming in contact 
with the end of a lever whicli so moves the slide-valve as to allow tlie 
steam to escape from below the piston through the exhaust-pipe. The 
hammer-man standing on the platform, c, has the lever, a, and another 
in connection with b, close at hand, and at the same time commands an 
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TiTiinterrupted view of the work in process of forjifing. Small hammers, 
such as those used instead of the old tilt-hammer in steel-works and for 
smithy purposes, are frequently made with but one standard, so as to 
allow of free working on three sides of the anvil, and, in some modem 
hammers, guides below the cylinder are dispensed with. In that case, the 



Fig. 94. — Steam-Hammer. 

piston is prevented from turning either by an angular piston-rod, or by 
the use of one of which a portion has been so planed off as to form a 
flattened surface ; this, passing through a stuffing-box having a similar 
section, prevents any disposition of the piston to turn upon its axis. 

In Condie’s hammer the cylinder is cast to the liammer-block, and 
the piston-rod is suspended to a suitable support by a ball-and-socket 

U 
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joint ; large steam-hammers require anvils of great weight, and these 
should be so arranged as to be entirely clear of the foundations sup- 
porting the framing. 

A convenient foundation for hammers of moderate size may be con- 
structed of square balks of timber placed on end, and bedded either on 
concrete or on a mass of cinders broken small, deposited in layers, and 
well beaten. For the very large hammers used in steel- works, such as 
Krupp^s 50-ton hammer (the maximum lift of which is 10 feet, and of 
which the anvil weighs 185 tons), the substructure is built of solid 
blocks of cast-iron ; the foundation of this hammer is composed of eight 
masses of cast-iron, weigliing in the aggregate over 1,000 tons. 

A 30-ton steam-1 jammer is in use at the Royal Clun Factories at 
Woolwich Arsenal. The building containing it and the heating furnaces 
measures 150 x 100 feet 

The wspecial arrangements of the bed-plates are of a very massive and 
solid character, and consist in the first place of a hundred 12-inch 
piles, arranged, at equal distances apart, in the form of a square, 30 x 30 
feet. Around and between the piles, for a depth of 4r feet from tlioir 
heads, is a bed of concrete. Upon the piles is laid a cast-iron plate 
weighing 115 tons. Tliis plate is in three parts, and upon it is a double 
layer of li-ineh elm jjlanks, the ujjper layer being plactni at right angles 
to tlie lower one ; on these are lai*! two layers of 12-inch oak balks. 
Upon these comes a second plate of cast-iron, weighing 150 tons. This 
plate is cast in two pieces, and covers an area of 27 x 13*5 feet. Then 
comes a 2-feet thickness of oak timber, placed with tlie grain vertical, 
or end on, the collection of balks being held tog(‘t]ior by an iron strap 6 
inches deep by 2 indies tliick. These carry a third cast-iron plate, 12 
inches tliick, weighing 130 tons. Upon this comes a fourth plate, 12 
inches thick, weighing 100 tons, a tliiu packing of oak, just sullicient 
to prevent contact, being inte^JK>^ed between them. 

On the top of the last plate is placecl another thin oak packing, and 
then the round anvil-block, which weighs 103 tons, and is 16 feet in 
diameter at base, tapering to 12 feet at the top. 

Upon thi.s comes a cylindrical anvil, 2 feet 8 inches deep, and 12 feet 
in diameter, which weighs l)etweeu CO and 70 tons. 

Tliese foundations include nearly 670 tons of cast-iron, so dispos(*d 
as to present the utmost solidity, while at the same time retaining sufii- 
cient elasticity to prevent any detrimental conse<iuences of jar from the 
blows of tlie liammer. 

Larger hammers tlian those described above, namely, of 80 and 100 
tons, have been erected at Creusot and Saint-Chamond in Franco, and 
lately at Temi in Italy ; but even these are found to b(i unequal to the 
work of forging very large masses of steel (for which they are now 
mainly required), and the more efficacious method of comjiression by 
hydraulic pressure has now been generally establislied in large works, 
Squeezer $, — These machines, by which the compression of a ball is 
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eiBfected without impact, are now more frequently employed for the 
operation of blooming than the old helve-hammer. Squeezers are of 
two kinds : reciprocating and rotary. Those of the first class are again 
distinguished as single and double ; the single squeezer, fig, 95, has but 
one anvil and one hammer, while in the double squeezer there is a jaw 
on each side of the articulation, and it has, consequently, two anvils and 
two hammers. 

The lever, a, carries a plate of cast-iron, which may be either flat or 
serrated with parallel corrugations, working against a corresponding fixed 
jaw, c, constituting the anvil Motion is communicated to this arrange- 
ment by the rod, connected with a crank which is usually attached 
to the driving-shaft of a rolling-mill. The shingler introduces the ball 



between tlie jaws of tlie machine at their widest part, and gradually 
moves it forward on the anvil until it comes in contact with the upper 
jaw, or hammer. At each stroke of the squeezer-arm the ball is flattened 
by the pressure, and a portion of the cinder is expelled ; during the up 
stroke it is turned over towards the fulcrum of the arm, where it is 
finally reduced to a bloom of about 5 inches in diameter and 18 inches 
in length. The up-setting of this bloom, which receives from 20 to 25 
successive squeezers during its elaboration, is effected at the extreme end 
of the jaws, where the distance between them admits of the mass of iron 
being sot on end for tlie purpose of being pressed longitudinally. The 
squeezer-crank usually makes about 60 revolutions per minute, and the 
time necessary for shingling a ball is therefore from 20 to 25 seconds. 

The rotary squeezer generally consists of a strong cylindrical casting, 
the inner surface of which is studded with blunt triangular teeth or 
corrugations ; within this revolves a cast-iron cylinder having the outer 
surface similarly roughened. 
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The fixed circular casing of cast-iron forms about three-fourths of an 
entire cylinder, and within this the revolving drum is placed eccentri- 
cally with regard to its axis, in such a way that, their surfaces being 
parallel, the distance between them gradually diminishes in the direction 
of the line of rotation. The puddled ball enters at the widest part, and 
on being carried forward by the movable cylinder, is gradually reduced 
in size until it is ejected at the narrower end in the form of a cylindrical 
bloom ready for the rolling-mill. The speed of this squeezer is about 1 2 
revolutions per minute, and one machine is stated to be capable of doing 
the shingling for fifty puddling-furnaces : as, however, there is no means 
of regulating the distance between the surfaces, it has the disadvantage 
of requiring that the balls should be as nearly as jK)Ssible uniform in 
weight and shape. 

Hydraulic Forging-Presses , — In the forging of steel ingots, and for 
other purposes where very powerful compression is required, hydraulic 
power may be advantageously substituted for hammering. The forging- 
press of Mr. Haswell, of Vienna, is a machine of this class, and consists 
of a large vertical hvdi-aulic press with its ram acting downwards against 
a table serving as an anvil. The large mm is lifted by a small hydraulic 
press, with which it is connected by a cross-head and side-rods. As the 
ram rises, the water expelled from the larger cylinder is returned to an 
accumulator containing a piston, upon the surface of which steam can 
be admitted ; this is employed for moving the ram rapidly wdien the 
resistance is not considerable, and the whole power of tlie machine is 
consequently not required. When, on the contrary, it is desired to 
develop the whole fierce of the apparatus, the connection between the 
press and accumulator is cut off by a valve, and it is ]>ut into cf^mniuni- 
cation with a pair of ordinary hydraulic forcing-pumps, driven by a large 
direct-acting steam-engine. 

Fig. 96 represents a largo hydraulic forging-press for the heaviest 
class of steel forgings, constructed by Messrs. I)avey Urothers, for Cam- 
melfs steel-works at Sheffield.^ It has two 3G-inch pressing rams. A, 
and two 9-inch lifting rams, B, having a common stroke of 7 feet, whose 
cylinders are carried by four columns on a heavy entablature, C, of cast- 
steel. The four rams are connected with the tool-holder or cross-liead, J), 
carrying tlie forging-tool corresponding to tlie tup on a steam -liammer, 
which is guided in its course by slide-blocks borft<l to fit the columns, E ; 
but the connections are not rigid, sjdierical bearings Ixdng substituted 
in order to allow for the expansion of the cross-head by heat when the 
press is at work. The hydraulic power is supplied by three 6-inch 
single-acting rams driven by two 34-incli steam-engines. Their caj)acity 
is such that the cross-head is deprcjssed half an inch for each revolution 
of the engines ; the lifter is raised 8 inches at each revolution, the area 
of the pressing- and lifting-rams being as 16 to 1. The lifting and 
lowering of the tool, when not in contact with the forging on the anvil, 
^ * Engineering,’ vol. xli. p, 393. 
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is performed by water at 60 lbs. pressure per square inch, supplied by 
the pipe F ; the forging-pressure is obtained by the pumps which supply 



Fig. 96.— Davey’s 4,000-ton Hydrawlic Porging-Piess ; front elevation. 


the large rams with water at any pressure up to 4,800 lbs. per square 
inch by the pipe G, the maximum effort being computed at 4,000 tons. 





310 


ELEMENTS OP METALLURGY. 


The pumps may be worked up to sixty strokes per minute, and the press 
is nearly as quick in action as a liamnier. The anvil and columns 
are carried upon cast-steel girders, H, somewhat similar to the entabla- 
ture, but lieavier, which rest upon masonry foundations of considerable 
thickness, although very much less than would be required for a steam- 
hammer. 

.The squeezer, figs. 97, 98, of which the first is a longitudinal section, 



Fig 97. —Winslow’s Squeezer; longitudinal section. 


and the second an end view, was employed with the Danks rotary fur- 
nace, and is known as Winslow’s, but was improved and modified by Mr. 
Danks, so as to adapt it to the treatineiit of very Jieavy nms«;es of iron. 

It consists of t^vo comigat<»d rollers, 



each about 4 feet in length and 18 
inches in diameter, jdared horizontally, 
occupying one plane, and having the 
journals fixed in strong frames, 6. 
These rollers are made to revolve in 
the same direction at the rate of from 
15 to 20 revolutions |>er minute, 
and above them is geared a large ec- 
centric or cam, r, the periphery of 
w'hich revolves at the same rate as the 
circumference of the two rollers, a. 
At the side of the squeezer-frame is a 
horizon till steam-hammer, the ram, 
of which, seen in fig. 98, hammers 


Fig 98.— Winslow i Squeezer ; end the end of tho hloom as it is being 
elerAtion. _ ” 

rotated. 


When the bloom has been sufficiently squeezed, which is effected by 
two revolutions of the cam, it is removed by a neat lever* arrangement, 
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and rolled upon the floor. It is now seized by a pair of tongs, lifted 
by a crane used for charging and drawing the re-heating furnace, and 
placed on a fork, by means of which it is charged. It is subsequently 
withdrawn by the same fork, placed on a bogie, and taken to the rolls. 

The Commissioners appointed to examine the Danks process did not, 
however, consider this squeezer an essential feature in machine-made 
iron ; and were further of opinion, that if means could be devised for 
handling under the steam-hammer such heavy masses as balls weighing 
from 600 to 1,000 lbs , and of getting them worked in a reasonable time, 
the result would probably be an improvement in the quality of the iron 
produced 

Puddling-Rolls , — Although the hammer is still employed in some of 
the old open-fire forges of Sweden and Germany for the production of 
finished iron, it has nevertheless been generally superseded in all the 
chief iron-producing districts, both of Europe and America, by the 
rolling-milL The rolls by which the heated metal is drawn into bars 
are of two kinds. The first, which are called puddling-rolls^ serve to 
consolidate the blooms after their removal from the hammer or squeezer. 



Fig. 99 - Puddlmg-Train. 


The second kind, known as mill-rolls^ are employed for the purpose of 
extending into bars the masses of iron obhiined by cutting puddled bars 
into lengths, and subjecting them to a welding heat in a balling or re- 
heating furnace. 

Two pairs of rolls, fig. 99, constitute a puddling-trani^ one pair being 
used for rough ing-down the bloom, and the other for finishing it into a 
bar. The grooves in the roughing pair are either oval, gothic, or dia- 
mond-shaped ; generally the first 'two or three grooves are gothic, and 
the others diamond-shaped. Finishing-rolls are usually turned with 
grooves capable of producing flat bars from 3 to 7 inches wide and from 
I to inch thick. Rolls are supported in pairs one above another in 
a heavy framework or housing of cast-iron, and are so connected by 
strong spur-gearing as to turn in contrary directions. Motion is com- 
municated to the lower shaft either by steam or by water power, and the 
distance between the two rolls is regulated by screws, a, acting on the 
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brass steps in which their journals or necks are secured. Puddling-rolls 
are generally from 3 feet 6 inches to 5 feet in length, and from 18 to 
22 inches in diameter ; the durability of the necks and steps is much 
increased by the use of cinder-plates, for the reception of which a narrow 
groove is turned in each roll close to the ends, and a piece of sheet- 
iron of the proper form is inserted before lowering the top roll. The 
roughing-down rolls, on the left, have a series of grooves turned on them, 
which gradually diminish towards the right, and are roughened by 
indentations cut with a chisel ; the 6nishing- rolls, on the right, have a 
series of grooves which diminish in the same direction. The lower 
roughing-roll is provided with a serrated foi*e-plate ami rest, and the 
bottom finishing-roll with a rest and guide; the crank, 5, works the 
squeezer. As the rolls, when at work, are subject to great and sudden 
variations of torsional strain, the couplings uniting the different members 
of the train are so made as to have less resisting power than the necks 
of the rolls themselves ; and they are, at the same time, arranged in such 
a way as to be capable of a certain amount of independent motion. The 
contrivance by which this is accomplished is shown, figs. 100, 101, and 
102, the first being a side view, and the second an end one, of the coupling- 
box employed. The necks of the rolls, which are continued a short 

@ 

Fig 100, Fig. 101. Fig. 102 

distance beyond their bearings, have the form of the aperture in tig. 101, 
and slip readily into the coupling-box ; one of these is placed on the end 
of each of the rolls to he joined, the two being united by a loose bar, 
fig. 102, of similar form, but of somewhat less sectional area, called the 
breaking-piece or spindle. The collai-s or coupling-boxes are prevented 
from slipping by four wooden stops laid in the deju-e&sions of the s})indle 
and secured by leathern strap> or wire bands. The intermediate sliaft, 
being the weakest part of the train, gives way in case of any undui* 
resistance occurring, and thus prevents the breaking of the rolls. A 
continuous supply of ivater is necessary in order to keej) the rolls and 
their bearings cool, and is conveyed through pipes and channels to tlie 
various parts where it is required. 

On leaving the hammer or squeezer, che bloom, while still at a high 
temperature, is first passed through the largest groove of the rongliing- 
down rolls, and afterwards, in succession, through the other grooves of 
both pairs of rolls, untiMt is finally extended into a long flat bar, of whicli 
the surfaces are usually very rough ; this is known as ** puddled bar,” or 
** Na 1 iron.” 
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Every time the iron has been passed through the rolls it has to be put 
back again over the upper roll, which is attended with a considerable 
expenditure of time and labour. Reversing-rolls are sometimes employed 
to avoid this, so that immediately the iron has passed through, the 
motion is reversed, and it is passed back through the next groove. 
Various other contrivances have been resorted to for the purpose of roll- 
ing without unnecessary loss of time, and, among them, the most ap- 
proved appears to consist in the use of two or more pairs set in advance 
of each other, or in passing the bloom alternately through the grooves of 
two mills moving in opposite directions ; in some cases the bar is carried 
on an iron carriage, by which it is rapidly taken by steam power from 
one pair of rolls to the other. Sometimes, and particularly for merchant- 
and guide-trains, three rolls are placed one above the other, in the same 
housing. Such an arrangement of the rolls constitutes a tliree-hiyh 
train^ and is driven from the middle ; the central roll gearing forward 
with the lower, and backward with the upper one, or vice versd^ so that 
the bar, instead of being rolled in only one direction, passes backwards 
and forwards, alternately, between the grooves of the middle and upper, 
and middle and lower rolls. 

Tlie speed of puddling-rolls ranges from 35 to about 80 revolutions 
per minute ; in the Welsh forges the rolls are driven at from 50 to 80 
revolutions, but in Staffordshire and Derbyshire they are worked more 
slowly. 

Shears , — The puddled bar, on leaving the rolls, is taken by boys to 
the cutting-shears, which should be placed opposite the finishing-rolls. 
It is the general jiractice to shear puddled bars hot ; but when the lengths 
into which they may require to be divided for the inill-piles is not known, 
they are laid aside, to be subsequently cut cold; stronger shears are 
then required. 

The shears usually employed for this purpose consist of two jaws, 
terminated by cutting-edges of hardened steel, firmly bolted to the iron 
limbs to which they are attached. The lower blade is immovably fixed 
to a cast-iron support, while the upper one moves on a pin passing both 
through it and the cast-iron support of the lower jaw. To the upper 
limb is attached a lever, which being connected by a strong rod to a 
crank on a revolving shaft, causes the jaws of the shears to alternately 
open and shut at each revolution. In this way sufficient power is trans- 
mitted to the shears to enable them to divide bars of iron presenting 
considerable sectional area. Instead of driving shears by means of a 
crank, or shafting connected with other machinery, when of large size 
they are genemlly worked by independent engines. This is the case in 
the machine represented, fig. 103, where the heavy cast-iron lever, a, on 
which is secured the upper cutting face, 5, is connected by a sweep-i*od 
with the crank, c, on the fly-wheel shaft, and receives motion from the 
small inverted steam-engine, d. Shears are employed for cutting puddled 
and other bars into lengths for piling, and also for removing the rough 



314 


ELEMENTS OP METALLUKGY, 


ends of finished bars and the edges of plates and sheets. When the 
length of the cut to he made is considerable, a knife with a diagonal edge, 
moving vertically between parallel guides, is usually employed. These 
(juiUotine'Shears are much used for cutting boiler-plate, and, as they re- 
quire considerable power, are driven by engines attached to their framing. 
For the heaviest class of work, such as dividing steel bars and ingots, 
guillotine shears driven by hydraulic power are employed. 

Rails and otlier heavy bars have their rou^h ends removed while still 
hot, by circular saws ; these are from 3i to feet in diameter, and make 
from 80p to 1,200 revolutions per minute. They are generally driven by 



belts, but in some instances direct-acting steam turbines on the same 
shaft have been employed. 

The yield of puddled iron varies considerably in different localities, 
and will depend not only on the nature of the pig-iron operated on, but 
to a certain extent also on the skill emjdoyed in its treatment. In tlie 
neighbourhood of Dudley, South Staffonlshire, the ordinary calculation 
is, that 24 cwts. of pig-iron should yiel I 22 cwts. of puddled bars, and 
that about 1 ton, 2 cwts., 2 qrs. puddled bars are employed in the pro- 
duction of 1 ton of merchant-bar. In South Wahjs, in 1859, it was 
estimated that 27 cwts. of white pig-iron were required to produce 1 ton 
of finished or merchant-bar. 

Working Puddled Bar into Merchant Iron — The Mill.-— A fter 




IRON. 


315 


having been cut by shears into suitable lengths, the puddled bars are 
})iled in packets, which are heated to a welding heat, and then hammered 
and afterwards rolled, or they are at once rolled into bars without ham- 
mering The elevation to a welding temperature is effected in special 
furnaces, 'known as mill-, balling-, or re-heatmg furnaces 

Re-lwating or Balling — The re-heatmg furnace very closely resembles 
the puddling-furnace, and has a chimney, a, of similar dimensions, but 
IS usually 8 or 9 inches wider, and about two feet longer, the average 
area of the fire-place, &, is 12 square feet 

The dimensions, form, number, and size of doors, &c , of the re-heatmg 
furnace vary considerably, in accordance with the nature of the work for 
which it IS to be employed; but the following woodcuts, figs. 104 and 



Fig 104 —Re heating Furnace , longitudinal section 


105, after Truran, represent a longitudinal and a horizontal section 
above the level of tlie hearth of a furnace such as is commonly employed 
in South Wales for the conversion of puddled bars into rails or merchant 
iron. 

The cast-iron bottom, c, is about 14 inches below the working-door, 
and on it is laid a sand bottom, (f, falling from the door both towards 
the back of the hearth and towards the chimney Many re-heatmg 
furnaces are constructed without an iron bottom, and m such cases the 
material forming the hearth is laid on rubble-work, consisting of old fire- 
brick, fire-brick ends, &c. Between the hearth or body of the furnace, 
and the fire-place, a bridge, e, 9 inches m thickness, is carried up to 
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within 14 inches of the roof, while at the stack end the sand is gra- 
dually rounded off so as to meet the bottom of the flue. 

A number of puddled bars, generally from 3 to feet in length, are 
placed together to form each of which the sectional area is from 3 to 
10 inches square, in accordance with the size of the iron to be made; piles 
3 feet 6 inches long, 7 inches wide, and 8 inches high, are a common size 
for the larger descriptions of merchant iron. The bailer charges four of 
these for a heat through the door, by placing them singly on a flat iron 
bar, called a jjeeler, and slides them into the furnace, taking care not to 
disturb the arrangement of the bars. When charged, the four piles lie 
nearly across the furnace, radiating from the door ; the ends towards the 
back lying about 6 inches lower than those nearest the door. 

The dooi,/, is now closed, and a little line coal thrown around it to 
exclude the air, the damper is raised, the gnite cleaned, fresh fuel added 



Fig 105 — Ro heating Furnace , honwmtul hcttion 


through the firing-hole, g, and the fire urged, so as to protluco an intense 
heat. The workman’s chief occupation, after charging, is to watch the 
piles, and to so shift their positions that they may be equally exposed to 
the fire, and be brought to a welding heat in the shoitest [Kissible time. 
As thih point is apjiroached, the iron becomes externally oxidized, and 
forms a scale which covers the surface of the pile, and which, by com- 
bining witli the siliceous matter of w’hich the bed is comj>o&ed, forms a 
slag, which, running off freely towards the bottom of the stack, escajms 
from the furnace. This is distinguished by the name of flup<%nrif*r 
from that produced in the puddling-furnace, which is known as tap-cinder. 
A small fire is usually placed in front of the stack of re-heating furnaces 
to prevent the tap-hole fiom becoming obstructed by the cooling of the 
cinder. At the expiration of sixty minutes a heat sue li as that described 
will be ready, and the piles are then successively grasped by a pair of 
heavy tongs, and placed on a bogie, to be carried to the rolls. The with- 
drawal of the piles, charging a fresh heat, and repairing the bottom, will 
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occupy about sixteen minutes ; such piles usually average about 4 cwts. 
each, and consequently a furnace working thirty-six piles in the course 
of twelve hours will get through 83 tons of iron weekly. For smaller 
descriptions of merchant-bar, the piles are made about 18 inches long, 3 
inches wide, and to 2 inches deep. Sixteen or eighteen such piles, 
which take from twenty-eight to thirty minutes to reach a welding heat, 
are charged at once ; the time occupied in withdrawing the heat, repair- 
ing and re-charging, is about twenty-one minutes, and a furnace working 
on piles of this description will re-heat 31 tons of iron per week. Bars 
of the smallest size are rolled from bolts of manufactured iron called 
billetSy measuring from 12 to 20 inches in length, and having a diameter 
of from 1 J to 1| inch ; for these a smaller furnace is employed, and from 
twenty-five to thirty billets are heated at a time. Cold billets are intro- 
duced as fast as hot ones are withdrawn ; furnaces working on billets for 
guide-iron will heat from 15 to 25 tons per week, according to the size 
of the finished bars. 

The ordinary weight of the piles for rails is, in South Wales, about 
15 cw^ts. ; four of these are placed in the furnace at once and the whole 
heat is rolled into blooms in a triple mill in five minutes. After a 
second heating, which occupies about thirty minutes, the blooms are each 
passed nine times through the rail-mill, and become rails. The loss on 
the piles, including crop-ends, which are subsequently utilized, is about 
20 per cefit. 

Tlio amount of labour bestowed on the manufacture of merchant iron 
varies with the quality it is intended to produce. For the commoner 
descriptions it is usual to pile puddled bars, or No. 1 iron, cut into proper 
lengths, and these, wlien brought to a welding heat, are rolled into bars, 
either with or witliout being previously worked into blooms under the 
hammer. More frequently, however. No. 2 iron, or that which has been 
twice rolled, is used for the top and bottom bars of the pile, when best 
iron, or No. 3, is being made. If, after this, the iron be further piled 
and welded, it is distinguished as best-best, and treble-best; according 
to the number of re-heatings and rollings to which it may have been 
subjected. 

As a rough approximation, it may be estimated that the amount of 
coal consumed for the manufacture, from the ore, of common finished 
bars, of No. 2 quality, is about four times their weight : to this must be 
added from 9 to 1 0 cwts. per ton for each additional heat to which the 
iron may have been subjected. 

The bottoms and tops of rail -piles are sometimes covered by slabs 
made by doubling and welding together, under the hammer, two or more 
puddled blooms, which are then re-heated and rolled, without first having 
passed through the intermediate state of puddled bars. The necessity 
for the use of single slabs for the outside of piles arises from the circum- 
stance that butt joints, unless covered, do not weld properly : it is also 
necessary that the ends of the bars forming the pile should be cut square. 
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and that all contact-surfaces should be as free as possible from scale and 
rust 

Gas re-heating furnaces are in modem iron-works practice very largely 
used in the production of forgings and finished iron. Of the different 
styles employed, that on the regenerative principle by the late Sir W. 
Siemens has been described and illustrated, pp. 104-5, figs. 25, 26, and 27. 
This furnace has been very widely applied, but in many cases the system 
of conducting the producer gas directly to the furnace, so that it may be 
delivered hot, and the air only requires heating, is now adopted in pre- 
ference to the use of a cooling-tube with subsequent heating in regene- 
rators. The air for burning the gases may be heated in pipes, but a 
more perfect system is to use a shallow flue of the whole breadth and 
length of tlio furnace, which cools the bottom at the same time that the 
air is warmed. This is adopted in IJicheroux’s furnace, which is now 
more particularly used for heating steel ingots. In Ponsard's con- 
tinuous regenerative system, the air is heated in a chamber below the 
furnace filled with brickwork, arranged in such a fashion that there are 
two independent systems of passages, isolated from each other. Through 
one of these the waste flame passes in its way to the chimney, while 
through the other the air travels in the opposite direction. This, though 
not quite so efficient as the Siemens system, has the advantage of being 
simple both in construction and working. The Ponsard furnace is 
continuous instead of intermittent; and as the heating medium is spent 
gas only, no explosion can take place in the event of air getting to tlie 
flame-flue through leakage in tlie brickwork. 

Mill-Rolh, — The quality of l»ar-iron is much improved by ham- 
mering, since the rapid consolidation which takes })lace under the heavy 
blows of a steam-hammer expels the cinder, while, the iron is at a 
sufficiently high temperature to allow of its escajK*. A largo p(jrtion of 
the cinder is, however, eliminute<l during the operation of rolling the 
pile into a bar ; but in consequence of the great reduction of temperature 
which has taken jdace before tlie last groove has been reached, a certain 
amount of slag is liable to l>ecome enclosed in the iron. Hammered iron 
is more homogeneous, lias a gn^ater specific gravity, an<l is superior in 
point of strength to that which has not been thus tn^ated ; consequently 
in the manufacture of the l>eht qualities hammering should not be dis- 
pensed with. 

A train of mill-rolls for large iron consists of two pairs ; one for 
roughing, wliich may be about 6 feet G inches long by 22 indies in 
diameter, and the other for finishing, considerably shorter and of some- 
what less diaraet<*r. The whole of the jilant requires to be as strong 
and substantial as for the puddling-train, but tiie standards of the fluish- 
ing-rolls are provided with various tightening and adjusting screws for 
maintaining them accurately in their positiona Motion is communi- 
cated to the finishing-rolls by a pair of pinions and spindles, while from 
the bottom roll a coupling-spindle communicates motion to the bottom 
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roughing-roll, whence it is transmitted to the upper one by spur-gearing, 
keyed on the ends of the pair. This method of driving from the lower 
roll possesses the advantage of permitting the use of larger or smaller 
roughing rolls, as may be required. 

In three-high trains the lifting of the piles from the lower to the 
upper level is easily effected when light bars only are being rolled, but 
in the case of heavy piles it is attended with considerable labour and loss 
of time, unless some s])ecial mechanical appliance is employed. The 
usual method adopted is to make the feed-plates or tables movable, and 
to so connect them with a single-acting steam- or water- pressure engine, 
that the pile, after passing through grooves between the lower rolls, is 
lifted to the ujiper ones, and, after having passed between them, is 
received on a table on the other side, which at once descends to the level 
of the lower pair. A similar arrangement is also often used for heavy 
plate-mills consisting of a single pair, since the pile, after having passed 
between the rolls, has in this case only to be deposited on top of the 
upper roll to be ag<iin carried back to the side from which it entered. 

For rolling bars of small section, which from their flexibility are 
liable to become twisted, it is usual to use a three-high train, to the 
tables or aprons of which guide-jaws or friction-rollers are attached ; 
these, which are employed for keeping the ends of the bars straight on 
entering the grooves, give their name to the arrangement, which is known 
as a guide-train. 

Wagner’s rolling-mill, of wdiich fig. 106 is a front elevation, is some- 
times called “ the universal mill ” on account of the facility with which 
it may be made to produce bars and flats of various sizes with the same 
jmir of rolls. This machine consists of tw’o horizontal rolls mounted 
and geared in the usual way ; to these is added a pair of vertical rolls, 
working in bearings, which can be traversed horizontally on slides by 
right and left screws. The simultaneous motion of these screws is 
insured by the hand-wheel, h, geared to a shaft carrying two worm- 
pinions acting on wdieels keyed on tlie screw-spindle. By turning these 
the two vertical rolls may either be brought nearer together or removed 
farther apart ; thus regulating at will the w’idth of the bar to be 
produced. The vertical rolls, a, receive their motion from the driving 
pinion through mitre wheels geared into similar wheels, sliding on their 
shaft in such a way as to follow horizontally the movements of the 
vertical rolls. The horizontal top roll is kept to its work by a pair 
of counterweights, c, and its distance from the bottom roll is regulated 
in the usual way by a pair of screws geared to the hand-wheel, d. A 
combination of this kind, under the name of “White’s mill,” has been 
advantageously employed in South Wales for roughing rail-piles. 

Very heavy mills, such as those used for rolling armour-plates, are 
reversed at each passage of the pile. In Kamsbottom’s rolling-mill the 
rolls are driven, without the intervention of a fly-wheel, by a pair of direct- 
acting horizontal engines, coupled at right angles, which are reversed. 



320 


ELEMENTS OF METALLURGY, 


after each pass of the bloom or ingot, by hydraulic pull-over gear ; the 
rolling is thus performed alternately in opposite directions. The motion 
is transmitted from a pinion on the crank-shaft of the engine to a spur- 
wheel in connection with the rolls, which make one revolution for three 
and a quarter revolutions of the engine when cogging or breaking down 
ingots ; but in hnishing-mills either the gearing is equal or the engine is 
directly attached to the rolls. 

The size and speed of rolling-mills vary within very wide limits, 



F»g 10r» — Wagrner's Rolling Mill , front elevation. 

according to the nature of the work to be performed ; rcversing-mills for 
heavy plates make only from 25 to 30 revolutions per minute, while 
some very small mills employed for special purposes make over 500 
revolutions in the same time. For ordinary-sized merchant-bars, the dia- 
meter of the rolls is from 12 to 18 inches, and the number of revolutions 
per minute from 80 to 110. Roils for roughing rail-piles are usually 
from 20 to 24 inches in diameter, and, if worked as a reversing train, tlie 
speed does not exceed 30 revolutions ; if not reversing, the number of 
revolutions varies from 80 to 100 per minute. 

Phttes and Sheets , — The rolls employed in the preparation of plates 
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and sheets are of a plain cylindrical form, of the same diameter through- 
out, and, in order to increase the hardness of their surfaces, they are 
invariably cast in chills. The distance between the rolls is diminished 
each time the pile is passed through, and the top roll requires to be sup- 
ported to prevent its coming in contact with the lower one when running 
light. This is done by supporting the lower step of the top roll on the 
ends of a forked rod connected with a lever and weight, so as to slightly 
overbalance it. For the purpose of securing accuracy of adjustment 
and insuring the perfect parallelism of the two rolls, toothed-wheels are 
attached to the heads of the setting screws, which are moved through 
equal spaces by spur- or bevel-gearing, and carefully divided hand-wheels. 
For rolling tapered iron, the setting screws are sometimes provided with 
self-acting gear, by which the distance between the rolls is gradually and 
uniformly diminished during the passage of the pile. 

Armour-plates for ships, made up to 12 inches in thickness, and 
other very heavy plates, nlay be produced either by hammering or 
rolling alone, or by a combination of the two operations. The material 
employed for the manufacture of hammered plates is best scrap-iron, 
which is balled, re-heated, and welded, until a slab is obtained somewhat 
thicker than the section of the finished plate, and of which two of the 
edges are square and the other two chamfered. These are welded together 
with their tapered edges, on the shorter sides, overlapping, so as to form 
a section of a plate of the required breadth, and finally, the length is made 
up by the addition of so many pairs as may be required. For convenience 
of handling, a porter-har or staff is welded to the unfinished plate, and 
this being provided with a capstan-head with levers, and supported by a 
crane, allows of its being readily turned on the anvil as required. The 
finishing of the plate and its reduction to the proper thickness are effected 
at a moderate red heat, and water is constantly thrown on its surface to 
facilitate the removal of scale. When finished, it is heated to redness 
and annealed by slow cooling. 

Rolled armour-plates, instead of being built up edgewise, are formed 
by the successive superposition of slabs, re-heating, and re-rolling. For 
the finished plate, large slabs, each about 8 feet long, feet wide, and 
2^ inches thick, are piled and introduced into a furnace, in which they 
are placed on fire-brick pillars, so as to allow the flame to circulate 
beneath them. The door of the furnace is on the side parallel to the axis 
of the rolling-mill, and when the pile has become sufficiently heated, it is 
transferred to a truck, wdiich takes it directly to the mill. After passing 
between the rolls, it is received on a similar truck on the other side, 
and is passed backwards and forwards by reversing the rolls until suffi- 
ciently reduced in thickness. The tops of these trucks are either inclined 
towards the rolls, or they receive the plate upon friction-rollers in such 
a way that it may bo readily pushed forward ; the action of the mill 
, being sufficient to force it up the inclined surface on the opposite side. 
After leaving the rolls, and while still hot^ the plate is rendered perfectly 

X 
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flat by the passage over it of a roller weighing about 7 tons ; when cold, 
it is transferred to the table of a planing-machine, where all its edges 
are dressed square. 

Plates and sheets are classified in accordance with their thickness : the 
former term embraces all strengths exceeding No. 4 of the Birmingham 
wire-gauge, corresponding to a thickness of 0*238 inch; all less thick- 
nesses are sheets. Sheet-iron is classified as follows : — 

Singles including from No. 4 to No. 20 gauge 0*238 to 0*03.^ in. thick. 

Doubles „ „ 20 „ 25 „ 0*035 „ 0 020 

Trebles, or lattens „ „ 25 „ 27 „ 0 020 „ 0*016 „ 

For the heavier classes of plates, the piles are built up of bars, which, 
instead of having their longer sides parallel, cross each other alternately ; 
the coverings at top and bottom being flat slabs, from 9 to 14 inches in 
width and from 1 inch to inch in thickness, made by doubling two 
puddled blooms under the hammer and rolling, at a heat, to the proper 
size. 

The pile for plates, which wdien finished measure 6 feet in length, 
3 feet in breadth, and have a thickness of inch, is about 20 indies 
long, 7 inches high, and 12 inches broad. It is first reduced to a roughly 
squared bloom by passing it lengthwise through three grooves in the 
blooming-rolls, then four times in the direction of its breadth through 
the plate-roughing rolls, and finally, three times lengthwise through the 
finishing-rolls. 

The pile for sheets of large size, such as singles of Xo. 12 gauge, 
which are 6 feet in length by 2 in width, weighing about 70 lbs. each, 
is made up of scrap and c^oJ^end8 produced in making top and bottom 
plates. About twenty such piles are placed in the furnace at one time, 
and each is first rolled into a bar 3 feet 6 Indies in length and 7 inches 
in breadth, and then cut transversely into two equal jiarts. Each of 
these portions is now passed through the roughing-rolls the wide way, 
until it has assumed the form of a plate having nearly the required 
thickness, and of a width represented by the length of the original half- 
pile. After being pas-sed lengthways three or four times through tlie 
finishing-rolls, the two sheets, produced from the halves of the original 
bloom, are passed tlirough together three or four times ; they liave now 
become nearly cold, and after being softened by heating to low redness 
in an annealing-furnace, are cut to the proper size and finished. 

Tliiiiiier sheets are roiled in a similar w^ay, excepting that they are 
made from smaller piles ; in rolling lattens, after the first annealing heat, 
four plates are passed through together, and, after the final heat, eight 
thicknesses are passed at the same time. The thin sheets, or hlack-plates^ 
intended for tinning are made in a similar way, but as the unfinislied 
work is doubled after every heating, as many as sixteen thicknesses are 
at last passed tlirough at the same time ; they are finally cut to their 



IRON. 323 

proper sizes, pickled in weak sulphuric acid, and their surfaces polished 
by cold rolling. 

For the production of small square bars, such as naiUrods, the slitting- 
mill, in which the rolls are replaced by arbors carrying steel discs, is 
commonly employed. In this arrangement the discs on the upper arbor 
interlock with those on that which is beneath it, thus constituting a rotary 
shearing-mill with several pairs of cutters. When a flat bar of iron is 
passed between these cutters, in the same way as in an ordinary rolling- 
mill, it is divided into slips or rods of rectangular section, which are 
delivered on the other side in a somewhat bent and twisted condition, 
from the pressure of the cutters ; these are afterwards straightened and 
made up into bundles for the use of nail-forgers. The bar is steadied, 
while passing between the cutters, by guides, and a tank above the 
framing contains water, which is allowed to fall in several small streams 
upon the slitters, for the purpose of keeping them cool. 

Iron made from ores containing a considerable amount of phosphorus 
is always cold^ahort ; thus, the characteristic of Cleveland iron is cold- 
shortness. Cold-short iron is also produced when siliceous materials are 
used for fettling ; both phosphorus and silicon, therefore, appear to make 
iron cold-short. 

The exact cause of red-shortnem in welded iron is not always very 
clear. Red-short iron is produced from ores that are deficient in phos- 
phorus, and the addition of that substance, by the introduction of Cleve- 
land pig, or some similar variety, produces the best results, when mixed 
with h»matite pig or the purer charcoal irons. The red-short character 
of Welsh iron cannot always be attributed to the absence of phosphorus, 
as it is in many instances, although not always, undoubtedly due to the 
presence of sulphur. Iron may at the same time be both red-short and 
cold-short ; this, which is the worst possible description of iron, is pro- 
duced from ores containing a high percentage of both sulphur and phos- 
pliorus. Red-shortness is believed to be, in some cases, due to a deficiency 
of carbon in the wrought-iron, since the most fibrous and the toughest 
iron acquires this property if melted in a clay crucible and afterwards 
heated, doubled, and welded. 

The waste heat of puddling and re-heating furnaces is frequently em- 
ployed for the generation of steam, and it is sometimes also made use of 
for heating the blast ; another method of utilising this waste heat has 
been described under the head of “ Gaseous Fuel,” 

Steel. 

Every description of ironstone is capable of affording cast-iron and 
wrought-iron ; but the properties of the product obtained will vary both 
in accordance with the nature of the ores employed, and with the method 
of treatment resorted to, since all will not effect, in an equal degree, the 
elimination of foreign substances. The metal obtained will consequently 
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be more or less tenacious or brittle, bard or soft, pure or impure ; in all 
cases, however, the names ‘‘cast-iron” and “ wrought-iron ” will be 
applied to the extreme results. In the same way all intermediate pro- 
ducts which cannot be classed with cast-iron on the one hand, or with 
wrought-iron on the other, may be called “ steel.” 

The crude product obtained from the reduction of iron ores in the 
blast-furnace is known as “ cast-iron ; ” it is not malleable, particularly 
when hot, but may be hardened by sudden cooling. The term “ wrought- 
iron ” is applied to the more or less refined metal produced either from 
pig-iron or directly from iron ores ; it is malleable, both hot and cold, but 
it is not capable of being tempered. 

Steel forms an intermediate link between ordinary cast-iron and 
wrought-iron, uniting, in a certain degree, the properties of both; its 
distinguishing characteristic is its capability of being liardened or 
softened at pleasure by rapid or slow cooling. It cannot, however, l>e 
said where steel begins or where it ends; it is a member of a series 
commencing wdth tlie most impure pig-iron, and ending with tlie softest 
and purest malleable iron.^ 

According to Fr^my, steel is not simply a combination of carbon 
and iron, but is a nitro-carbide, the presence of nitrogen being essential 
to the production of steel. He, however, subsequently became aware that 
not only does wrought-iron contain nitrogen, but also that it is present 
in larger proportion than in ordinary caht-steel ; and, as the case at 
present stands, the weight of evidence is decidedly against the necessity 
of the presence of nitrogen in steel The older view of Karsten, that 
its essential qualities are due to variations in the amount of carbon 
present, is now generally admitted to be more probably correct. At all 
events, it is now thoroughly established that nitrogen occurs in steel in 
veiy small ])roportions only; and that if its presence be necessary to the 
constitution of steel, it must be still more nec(‘sv,arv to that of wrought- 
iron and pig-metal 

Steel may be produced — first, directly from iron ores ; secondly, by 
the addition of carbon to malleable iron ; thirdly, by the partial decar- 
burization of pig-iron ; fourthly, by diluting the carbon in pig-iron by 
the addition of malleable- iron. 

t Steel by the Direct Reduction of Iron Ores. — By the Catalan 
process, previously described, steely iron, fer acier^ux^ is produced under 
certain special conditions of working. The most important of these con- 
ditions are as follow : The employment of a small quantity of greillade, 
and a large proportion of charcoal ; the oie is frequently and gradually 
pushed forward from the contrevent towards the tuyer ; the slag is tap- 
ped often, and ample time allowed for the formation of the “mass^” 
or bloom. It is also generally considered that the tuyer should be 
less inclined, and that the contrevent should have more slope ; towanls 

* Kaniten gave thia definition of steel as long ago as* 1823. **Annalesdes Mines,*' 
1824, vol. ix. p. 657. 
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the end of the process less blast should be given than in the case of 
soft iron. The denser varieties of charcoal should be employed, and the 
presence of manganese in the ores treated is desirable. Much will, 
however, depend on the skill of the workman ; as, with the same mate- 
rials, one man will produce a large proportion of steely iron, while 
another will obtain little or none. 

Although in this case steel is produced in one operation, yet the ore 
must first be reduced, and the resulting metallic iron subsequently car- 
burized by contact with incandescent charcoal. By this process uniform 
carburization cannot be secured ; the bars, obtained by hammering out 
the resulting blooms, are therefore broken on the anvil, and the various 
fragments selected and classified in accordance with their respective 
fractures. 

A patent was granted in 1791 to Samuel Lucas for making cast-steel 
by melting rich iron ores with carbonaceous matter — charcoal, horn, bone- 
dust, or other cementing substances. Patents were obtained for substan- 
tially the same process by David Mushet in 1800, and by John Isaac 
Hawkins in 1836. In 1854 a patent was granted to Samuel Lucas for 
an improved method of manufactuiing steel, which essentially consisted 
in interstratifying the bars of iron in an ordinary converting furnace with 
lumps of iron ore. It is directed that the bars should not be allowed to 
touch the iron ore, as they would adhere to it ; and a claim is inserted in 
the specification for the conversion of iron ore into steel without the pre- 
sence of bar-iron. 

A patent was obtained by William Edward Newton, in 1856, for 
improvements in the process of manufacturing steel, &c., being a com- 
munication from abroad. The iron ores are directed to be reduced to 
fragments of about forty to the cubic inch, mixed with charcoal or other 
carbonaceous matter, and, if necessary, with suitable fluxes, in alternate 
layers, and kept heated to whiteness during about forty-eight hours in a 
suitable cementing vessel. After cooling, the ore thus treated is either 
melted in crucibles, to form cast-steel, or worked up in a furnace into 
spring-steeL 

Some years since experiments were made at the Dowlais Iron- Works 
by Mr. E. Riley, on the direct production of cast-steel from iron ores ; it 
was, however, found, that although steel of excellent quality was some- 
times produced, uniform results could not be obtained. 

Steel by Addition of Carbon to Malleable Iron. Cementation . — 
This is an old process, but of its history little is known. Beckmann states 
that there is no allusion to it in the writings of the ancients ; but it was 
well described in 1722, by Reaumur, in his treatise on the art of convert- 
ing bar-iron into steel. This treatise is illustrated with engravings, in 
which converting-furnaces, similar in all essential respects to those now 
in operation, are represented. 

When it is desired to purify cast-iron as completely as possible, the 
operation of fining must be prolonged until wrought-iron is produced, and 
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from this steel is obtained by re-carburization. This is the method 
usually pursued in the Bessemer and Siemens-Martin processes for the 
direct production of cast-steel; but, as in these operations the re-car- 
burization of the iron is effected by the introduction of cast-iron, the 
impurities contained in it become incorporated in the ultimate product. 
AYhen, therefore, steel of fine quality is required, the carburization must be 
effected on the principle of cementation, by the use of carbonaceous reagents. 

The furnace in which this operation is conducted, is represented in 
the accompanying woodcut, fig. 107. It consists of an oblong rectangular 

chamber, divided into two parts by 
a long and narrow fire - place, a, 
which passes through its centre and 
is provided with a door at either 
extremity, by which fuel is sup- 
plied. On each side of this is a 
chest or c(mverttng-poty 6, made 
either of fire-brick or fire-stone, and 
so supported on flues as to allow of 
the heat and flame passing beneath 
the troughs througli openings, in 
connection with the chimneys, e. 
By these the smoke and heated air 
escape from })eneath the arch, which 
is thrown over the two chests and 
the fire-place by which they are 
heated. In the brickwork at the 
ends of these troughs man-holes, 
are left for the purpose of intro- 
ducing the iron bars into the fur- 
nace ; these are bricked up during 
the working of the apparatus, but 
when it has cooled they allow of 
the workmen entering either to 
charge the bars of iron, or to re- 
move the steel produced by their 
cementation. 

The whole furnace is built 
under a conical hood, c, of from 30 
Fig. lOT.—Coneerting. Furnace ;tranrreM6 40 feet in height, wllich serves 

**‘'^*^”* both to prevent loss of heat by 

radiation, and to carry off the smoke and gases generated by the com- 
bustion of the fuel employed. 

The converting-pots vary from 8 to 15 feet in length, and from 
to 3 feet in width and depth ; the smaller cheats are found to produce 
steel of more uniform quality, but are less economically worked than 
those of larger size. 
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The depth of the fire-place depends both on the nature of the fuel 
employed, and on the dimensions of the chests to be heated : the space 
between these is usually about 18 inches in width, but in some instances 
one chest only is employed, and under these circumstances it is placed 
immediately over the grate on which the fuel is consumed. The degree 
of heat applied is regulated by opening or closing apertures in the arch, 
and by limiting the amount of air passing into the furnace through the 
grate. 

The iron to be converted is in the form of straight bars, usually about 
3 inches in width and | inch in thickness ; in order to allow for expan- 
sion these must be somewhat shorter than the chest in which they are 
to be placed. Charcoal, which has passed through a riddle, of | to J 
inch mesh, is first spread evenly over the bottom of each chest, and on 
this a layer of bars is laid longitudinally, flat side downwards, with very 
small spaces only between them. When the iron is too short to extend 
the whole length, the empty spaces are filled up with short pieces or ends 
of bars. This first layer of bars is covered by a stratum of charcoal 
about half an inch in tliickness ; on this another layer of bars is placed, 
and so on in succession, iron bars alternating with layers of charcoal, 
until the chests are filled. A thick layer of charcoal is now placed upon 
the top, and the whole is plastered over with grinders* waste, or “ wheel- 
swarf,** a substance produced by the wear of the siliceous grindstones 
employed by cutlers and others in the manufacture of articles of steel. 
This consists of disintegrated siliceous sandstone mixed with finely 
divided and partially oxidized particles of steel, which combine more or 
less completely witli the silica, and a compact air-tight covering is the 
result ; when grinders’ waste is not obtainable, clay may be substituted 
for it. As soon as the charging of the chests has been effected, the man- 
holes are stopj)ed with bricks, and the fire is lighted, care being taken to 
keep up a temperature of glowing redness during periods varying in 
accordance with the nature of the steel it is desired to produce. Spring- 
steel requires seven days, shear-steel eight days, and steel for welding 
from nine to ten days. The progress of the oj^eration is, from time to 
time, ascertained by means of trial-bars, which are inserted and removed 
through holes left in the ends of the chests, and from an inspection of 
the fracture of these, when cold, a judgment is formed of the degree of 
carburization which has been attained. The ends of these bars protrude 
beyond the furnace, and care is taken to prevent access of air by carefully 
claying-up the openings left between the iron bars and the sides of the 
trial-holes. When tlie cementation has attained the desired point, fuel 
is no longer supplied to the grate, and the furnace is allowed to cool 
during several days before commencing to remove the charge. As soon, 
however, as the temperature has become sufficiently reduced to allow a 
man to enter, the bars are taken out, broken, and assorted in accordance 
with the indications presented by their fractured surfaces. Iron pro- 
duced from Swedish magnetic ores is employed in the production of the 
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best kinds of cement-steel, and, generally speaking, hammered bars are 
preferred to those made by rolling. The smaller forges, situated in the 
eastern part of Sweden, and working in connection with the Daiinemora 
mines, produce the most esteemed brands ; the iron of Lofsta, known as 
(Q iron, is one of those having a very high reputation. The charge of a 
furnace of the usual dimensions consists of from 16 to 18 tons of bar- 
iron ; as before stated, chests of moderate size are found to afford more 
satisfactory results than very large ones, since in the latter, a uniform 
temperature cannot be maintained throughout. Consequently, the bars 
towards the centre will be carburized in a less degree than those situated 
nearer the bottom, sides, and top of the chest. 

On “ drawing a heat ” a portion of the charcoal is always found to 
have retained its original form, while the remainder has become reduced 
to a soot-like dust ; the whole is now sifted and washed, in order to free 
it from the finer particles, and, Avhen dry, the portion which has not 
passed through the meshe^ of the sieve is added to an equal bulk of fresh 
charcoal, and well mixed with it. The mixture thus olitained is found 
to afford more satisfactory results than entirely fresh charcoal, which 
requires a longer time to effect the complete conversion of the iron. 
The addition to charcoal of small quantities of carbonate of barium, 
alkaline carbonates, ferrocyanide of potassium, or of organic matter con- 
taining nitrogen, has at different times been recommended, but none of 
these substances are practically in use, except for case-hardening. 

The physical properties of the bars before and after conversion differ 
very considerably ; the colour of the fractured surfaces of the carburized 
bar has no longer the bluish tint of malleable iron, but has acquired a 
reddish-white aspect not unlike that of bismuth, and the texture has 
become scaly and cryatidline. 

The most remarkable characteristic of the carburized bars, and that 
from which this product derives the name of hliatrr-stf'el, is, however, the 
blistering of their surfaces. When the blisters are small in size, and are 
distributed with a certain amount of regularity, it is an indication that 
the steel is of good (juality ; but when, on the contrary, they are large 
and follow particular lines, it is indicative of a want of homogeneity in 
the iron used. 

Much diversity of opinion has been entertained with regard to the 
cause of these bli.sters, which are evidently due to gaseous exjiansion from 
within, while the iron, from being exposed to a high temperature, is in a 
soft state. The most probable explanation appears to be that they are 
due to the action of the cementing material on particles of slag, consisting 
of ferrous silicates, enveloped in the metal, and, as the reduction of the 
iron in these to the metallic state will be attended with the formation of 
carbonic oxide, the evolution of this gas would account for the formation 
of the blisters. 

The average increase of weight experienced by iron during its con- 
version into blistered steel amounts to from J to | j)er cent. ; and the 
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amount of coal consumed is from 75 to 90 per cent, of the weight of 
steel produced. Blister- steel may be used for steeling the faces of 
hammers and sledges, but its texture is not sufficiently uniform for 
general purposes ; by re-heating and drawing, or by faggoting, welding, 
and hammering, or rolling, it is converted, in accordance with its degree 
of carburization, (fee., into spring-steel or shear-steeL The former is pro- 
duced by drawing out bars of mild blister-steel at a low heat, and the 
latter by making blister-steel into piles or faggots, re-heating in a hollow 
fire, and drawing into bars. The surfaces of these piles are covered 
with clay during the process of re-heating ; this, by forming a vitreous 
slag, protects the combined or dissolved carbon from the action of the 
blast. After being once subjected to this treatment the product obtained 
is known as simjle-shear ; by doubling the bars and repeating the process 
douhle-sliear is j)roduced. 

Crucible Cast-SteeL — Although blister-steel may, by repeated work- 
ings under the hammer, be drawn into bars possessing tolerable uniformity 
of composition, yet this treatment is necessarily attended with a certain 
loss of carbon and consequent reduction of hardness. The requisite 
uniformity of structure may, however, be obtained by breaking up the 
crude bars obtained by cementation, and fusing the fragments in crucibles 
from which air is carefully excluded. The contents of these crucibles, 
when melted, are poured directly into cast-iron moulds, but where very 
large masses of cast-steel are required, a great number of crucibles are 
either emptied into a foundry-Lidle before casting, or the pouring is so 
arranged that, by bringing up constant relays of fresh pots, a continuous 
stream of Inpiid metal is kept up. In this way large-sized ingots, 20 
tons and upwards in weight, are currently made by Krupp of Essen, who 
employs crucibles containing 70 lbs. of steel. The material employed is 
stated to be a mixture of puddled steel and wrought-iron, with addition 
of carbonaceous matter ; eocli furnace liolds from 2 to 24 pots, and their 
removal is facilitated by a mechanical lifting apparatus placed below the 
ash-pit. The manufacture of cast-steel was introduced at Sheffield by 
Huntsman in 1740, and has been continued almost without modification 
to the present day. 

The general arrangement of a steel melting-shop is exceedingly 
simple. The melt imj-h ole or furnace is a rectangular cavity, from 18 
inches to 2 feet square, and about 3 feet in depth to the grate, lined 
either with fire-brick or ganistcr. The top is on a level with the floor, 
the grate-bars and ash-pit being readily accessible from a cellar beneath ; 
the cover is a square fire-tile, set in an iron framing with a projecting 
handle. A little below the mouth is a short rectangular flue, having a 
considerably less area than that of the furnace itself, and communicating 
with the stiick, which, in onier to command a sufficiently active draught, 
should not be less than 40 feet in height. 

Several furnaces are arranged parallel with the walls on opposite 
sides of the melting-house, thus leaving in the centre of the floor a 
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clear space for the moulds. The crucibles are made of a mixture of re- 
fractory clay from the Coal-measures, with ground potsherds and coke- 
dust, and are usually from 16 to 18 inches in height, and from 6 to 7 
inches in diameter at the mouth. Two crucibles are generally placed in 
a furnace, the chaise of each varying from 35 to 80 lbs. They are 
supported on discs of fire-clay standing on the grate-bars, but before 
being used require to be annealed by being gradually heated to redness 
in an open fire. This is done by placing them, in batches of about 
twenty, bottom upwards, together with their covers, on a layer of red-hot 
coal supported on a grate ; the spaces between them are now filled 
with coke, and they gradually become heated to redness. The red-hot 
crucibles are removed to the melting- furnaces, and placed on their 
respective stands ; the fires are replenished with coke, and as soon as the 
crucibles have become heated to redness, wliieh takes place in about twenty 
minutes, the}' are charged with blister-steel alone or with other materials 
such as steel and wrought-iron scrap together, spiegeleisen or other man- 
ganiferous substances, according to the temper required in the finished 
product. This is broken into small pieces, properly assorted, and intro- 
duced through a wrought-iron funnel ; after which the cover is placed 
upon the pot, and the full heat of the furnace kept up for four or five 
hours. A fresh addition of coke requires to be made about every three- 
quarters of an hour. 

When the charge has become completely fused, which is ascertained 
by removing the cover and feeling the inside of the crucible with a long, 
pointed, iron rod, it is left at rest for a period which varies with the 
carbon temper of the metaL This operation, known as killuigy is of the 
utmost importance for the production of sound ingots. The efibct is 
probably due to the absorption of silicon, which is reduced from the 
substance of the crucible by the carburized molten metal. The surface of 
the metal is skimmed from any adhering slag, and the pot is lifted out of 
the furnace by means of tongs with strong concave jaws. The ingot- 
moulds, which are made of cast-iron, are often covered with a coating of 
carbon by being wiped with oil while still hot, or they may be washed 
with a mixture of clay and water, ground to the consistency of cream. 
As soon as the pot has been withdrawn from the furnace it is placed in 
the teaming-holey which is a small pit in the floor, containing broken 
pieces of coke, where it is allowed to cool for a short time previous to 
pouring. When an ingot-mould has been filled, its mouth is covered 
either by a shovelful of dry sand or by a plate of sheet-iron. 

When the first chaige has been poured, the crucible, after being freed 
from any adhering slag, is returned to the furnace, in readiness for a 
second melting. The amount of metal now withdrawn is somewhat less 
than that melted during the first fusion ; the time required for the 
operation is also less, and the consumption of coke proportionately 
diminished. The first melting occupies from four to five hours, while the 
second and tliird only require from two to two and a half hours each. 
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After from three to five successive meltings, the furnace is allowed to 
cool, since the very high temperature which would otherwise be attained 
would so corrode the surface of the lining as to greatly increase the area 
of the furnace, and thus cause waste of fuel. The total amount of fuel 
consumed is usually from three to three and a half times the weight of 
the ingots produced ; but if the coke employed be of bad quality it may 
reach as high as five times the weight of the cast-steel made. 

Where good coke is scarce small reverberatory furnaces, holding 
9 pots, have sometimes been used instead of coke melting-holes, and 
Siemens* regenerative furnace has also been applied to steel-melting with 
considerable advantage. In the latter, the furnace, which has a remov- 
able arch, takes from 18 to 24 pots, and the fusion of 1 ton of ingots, 
instead of requiring 3^ tons of coke, is effected by the consumption of 

ton of ordinary coal-slack. 

The fractured surfaces of ingots of cast-steel vary in appearance, in 
accordance with their hardness. The softer kinds are bright and finely 
granular, while the harder varieties exhibit distinct crystalline plates 
arranged in parallel bands at right angles to the surfaces of the mould, 
so that in a square ingot they exhibit a tendency to form a cross. The 
ingots produced are in all cases more or less unsound, containing vesi- 
cular cavities, which can only be removed by re-heating and hammering. 
This is effected at a low temperature, and access of air to the furnace 
during the operation is, as far as possible, prevented. 

Hindoo Process. — According to Mr. Josiah Marshall Heath, loootZy or 
Indian steel, is prepared from iron made in the ordinary Hindoo furnace, 
by fusion in crucibles made of refractory clay, in which is placed, together 
with the metal to bo converted, a certain portion of finely chopped wood, 
for which purpose that of the Asclepias gigantea or Cassia auricidafa is 
preferred. The quantity of iron put into each crucible does not usually 
much exceed a pound in weight, and, after covering the pots with one 
or two green leaves of the Convohrulm laurifoliuSy they are closed with 
wetted clay, and placed in the sun to dry. 

When the clay plugs have become sufficiently hardened, from twenty 
to twenty-four of these crucibles are built, in an arched form, on the 
bottom of a small blast-furnace, and strongly heated during from two to 
three hours with a blast produced by two bellows, each made of a bullock*s 
hide. At the expiration of this time the conversion is considered to be 
completely effected ; the furnace is then allowed to cool, and the crucibles 
are removed and severally broken, when the steel is found in the form of 
a rounded button occupying the bottom of each pot. 

The cakes of steel thus obtained are prepared for drawing into bars 
by exposing them during several hours in a charcoal fire, to a tempera- 
ture slightly below their melting point. The fire is urged by bellows, 
and the cakes are turned over before the blast ; from this circumstance 
Mr. Heath arrives at the conclusion, that in order to insure complete 
fusion of the contents of the crucibles, the addition of a large excess of 
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carbon is necessary, and that this excess in the too highly carburized 
steel is oxidized in the way above described. 

The late Mr. T. IL Henry found that a specimen of wootz in the 
form of an inch square bar, four inches long, contained— 

C. Combined. C. Uucombiiied. Silicon. 

1*333 0-312 0*046 

Clienofs Process , — The production of iron sponge by this process has 
been already described, and it therefore only remains to explain by what 
means the carburization of the metallic sponge is effected. For this 
purpose it is either intimately mixed with charcoal-powder or other solid 
material rich in carbon, such as a mixture of resin and charcoal, or it 
may be impregnated by imbibition with some substance rich in carbon, 
such as wood-tar or fatty matter. The ground sponge, after having been 
immersed in the carburizing liquid, is allowed to remain until complete 
saturation has taken place, and, when necessary, a gentle heat is employed 
for the purpose of facilitating imbibition. The metallic sponge, when 
thus saturated, is drained and torrefied in a close vessel during one hour, 
and when fatty matters have been employed as the carburizing agent, the 
sponge, after having been impregnated in lumps, is ground with the 
addition of 75 jier cent, of fresh sponge to which no addition of carbon 
has been made. This is done to prevent over-carburization, and the 
production of too hard a steel After having been thus prepared it is 
compressed into the form of small cylindrical masses occupying about 
two-thirds its original bulk, and the»e are melted m crucibles in exactly 
the same way as ordinary blister-steel The siliceous and earthy ingredients 
of the ore form a slag which floats on the top of the molten steel, and, 
immediately before pouring, this is thickened by the addition of a little 
sand, and then removed by skimming. The charge of each crucible is 
from 18 to 25 kiloa, and the operation occupies, on an average, four 
hours. Steel of fair quality has been produced in the way described, but 
the expense of fusion is neces.'»arily great, since the compressed sponge 
occupies a much larger space than an equal weight of blister-steel, and 
consequently the charge of crucibles of the same cajiacity will be pro- 
portionately less. 

Mushefs SM ; Hoinorjeneous Metal . — A patent was granted in 1 800 
to David Mushet for a process for manufacturing cast-steel by fusing 
malleable iron in crucibles with a proper addition of carbonaceous matter. 
Different qualities of steel may be obtained by varying the proportion of 
carbon, a small quantity producing a softer variety than a larger one. 
The specification states that “ steel produced with any projxirtion of 
charcoal not exceeding will generally be found to possess every pro- 
perty necessary to its being cast into those shajies which require great 
elasticity, strength, and solidity ; it will also be found generally capable 
of sustaining a white heat, and of being welded like malleable iron ; 
indeed, as the proportion of charcoal or other carbonaceous matter is 
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reduced, the qualities of the steel will he found to approach nearer to 
those of common malleable iron.” In his well-known “ Papers on Iron 
and Steel ” Mr. Mushet thus describes the properties of the metal pro- 
duced : “ When iron is presented in fusion to or of its weight 
of charcoal, the resulting product occupies a kind of middle state betwixt 
malleable iron and steel. It then welds with facility, and may he joined 
to iron or steel at a very high welding heat. Thus combined with carbon 
it is still susceptible of hardening a little, but without any great altera- 
tion in the fracture. It possesses an uncommon degree of strength and 
tenacity, and is capable of an exquisite degree of polish, arising from its 
complete solidity and the purity of fracture conveyed to it by fusion.” 

It will be observed that the process patented by Mr. Mushet is nearly 
identical with that by which wootz has, from ancient times, been pre- 
pared by the Hindoos. In 1839 a patent was granted to William Vickers 
for tlie production of cast-steel by melting 100 parts of iron borings 
with 3 parts of black oxide of manganese and 3 parts of ground charcoal. 
The use of scrap-iron is also claimed, the proportions specified being 28 
lbs. of scrap, 2 lbs. 3 oz. of oxide of manganese, and 3 lbs. of charcoal. 

Case-hardening . — This is a rapid process of cementation, by which the 
surface of wrought-iron may be converted into steel. An iron box is 
often employed as the cement chest, and the charcoal used is, in most 
cases, obtained by charring some animal matter, such as horn, leather, or 
hoof. The objects to be oase-liardened are imbedded in the charcoal in 
the usual way, and afterwards exposed for a short time to a moderate 
heat, either in a smithes forge or in some suitable furnace. When re- 
moved from the fire, the articles are hardened by being lieated to redness 
and plunged, while still red hot, into cold w'ater. 

Small articles may be rapidly case-hardened by sprinkling a little 
ferrocyanide of potassium on their surfaces when red hot ; as soon as 
the powder has disappeared the w’ork is quenched in cold water in the 
usual way, and, if the process has been properly conducted, the portions 
covered by the salt will have become externally so hardened as to resist 
the file. 

Steel by the Partial Pecarburization of Cast-Iron. Li Open 
Hearths. — When, instead of causing carbon to combine in due proportion 
with malleable iron, steel is produced in an open hearth by the partial 
decarburization of cast-iron, the resulting product is known under the 
name of raw-steel, and may be employed for many purposes to wliich that 
obtained by cementation is commonly applied. This variety was formerly 
somewhat extensively manufactured on the continent of Europe, parti- 
cularly in Styria and Carinthia ; but the process has at the present time 
been almost entirely superseded by more improved methods. The crude 
iron best adapted for this purpose is that obtained from spathose ores 
and containing a considerable quantity of carbon, such as spiegeleisen, or 
the strongly mottled variety known as hlumige Floss, which is speckled 
with grey upon a white grouml 



334 


ELEMENTS OF METALLURGY. 


After having filled the hearth with burning charcoal, six or seven 
plates or slabs of lamellar cast-iron are successively melted before the 
blast of the tuyer ; these are from an inch to an inch and a half in thick- 
ness. At the commencement of the operation a certain quantity of rich 
slag and iron-scale, struck from the blooms by a large hammer, is added 
to the charge, which, melting on the surface of the cast-iron when in a 
fluid state, assists in the oxidation of the carbon which it contains. 

When the first slab is in a liquefied state, and has collected at the 
bottom of the hearth, it is at first nearly fluid, but being there subjected 
to the oxidizing influences of the rich slags by which it is covered, it 
rapidly loses a portion of its carbon, and becomes thickened into a pasty 
mass. At this point another slab is fused by being brought directly 
before the blast, and this, falling in drops to the bottom of the hearth, 
again gives fluidity to the whole mass of metal there accumulated. 
Under the united influence of the blast and of the oxidizing slags, this in 
its turn loses a portion of its carbon, and becomes pasty. A third slab 
is now melted in the same way as the two former ones, but care is taken 
that the falling drops of liquid metal may be received on the centre only 
of the molten mass collected at the bottom of the hearth. The middle 
of the lump only is now melted by the fused cast-iron, this being sur- 
rounded by a ring of spongy metal which does not assume the li(piid 
form. This operation is repeated until six or eight slabs have been suc- 
cessively melted, at the expiration of wdiich time from 200 to 300 lbs. 
of spongy iron will have accumulated at the bottom of the furnace. 
The slags are, at this point of the operation, run off, and the metal is 
raised from amongst the fuel by which it is covered, and divided into 
w’edge-shaped fragments by being cut according to a series of lines radiat- 
ing from its centre to the circumference. By operating in this way, the 
several masses of crude metal will be found to have a nearly similar com- 
position, but as the cake from which they are cut is itself far from homo- 
geneous, the different parts of the same fragment seldom exliibit precisely 
the same degree of carburization. It consequently follows that these frag- 
ments, which are now drawn into bars, will yield rods of very different 
comj>03ition at different points of their length. To remedy this defect, 
and to give at the same time greater density to the finished steel, the 
bars of rough metal are handed over to a workman, who, after having 
heated them red hot, and sul>8equently cooled them by plunging in cold 
water, raises each bar by one of its ends, and allows it to fall heavily on 
an anvil placed for that purpose on the floor of the workshop. By this 
treatment the most brittle part of the bar is detached, and on striking a 
still harder blow in the same way, another and less carburized fragment 
is broken off, whilst the larger portion, which remains in his hands, 
merely consists of a peculiar steely iron, which, in some countries, is 
used for the teeth of harrows, for ploughshares, and for other agricultural 
implements. 

The parts broken off are assorted according to the structure of the 
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fractured ends, and are subjected to a series of manipulations destined 
to communicate to them greater density and uniformity of composition. 
For this purpose care is taken to weld together a piece of hard steel, and 
one which is less carburized ; the bar thus obtained is afterwards heated, 
and hardened by being plunged into water, and this is again broken as 
before described, and subsequently united into one bar. It is easily 
understood that by this treatment the desired result will be ultimately 
attained ; but this is produced at a large expense of labour and fuel, 
and is attended with the loss of a greater or less portion of the crude 
steel employed. The steel made by this process is, when carefully 
prepared, of excellent quality, and was at one time, for many purposes, 
preferred to that obtained by the cementation of malleable iron. 

Forges of this kind are usually small, and worked by water-power. 
Each contains two fires and a hammer ; a small water-wheel commonly 
gives motion to the bellows and another to the hammer. The latter 
weiglis from 5 to 6 cwts,, and makes from 65 to 110 blows per minute, 
with a lift of about 2 feet Four men with the two fires will produce 
from 14 to 15 cwts. of rough steel blooms in a double-shift of sixteen 
hours ; under ordinary circumstances the consumption of charcoal is about 
30 cubic feet per cwt of steel produced, but by using hot-blast, and 
placing a covering over the heartii, this may be reduced to about 22 
cubic feet The Carinthian process does not differ materially from the 
Styrian, but the hearth is larger, and tlie weight of metal operated on 
greater. In addition to perfoiming the work of a refinery, the hearth, 
in this case, lias also to do duty as a re-heating fire ; the steel produced 
amounts to from 70 to 80 per cent, of the pig-iron operated on, and 
the consumption of charcoal is from 40 to 50 cubic feet per cwt of steel 
produced. 

In the Siegen district, where, before the introduction of puddling and 
other more recent processes for making steel, spiegeleisen was treated in 
the open hearth, small charges of from 60 to 80 lbs. were melted down 
upon a mass of mottled iron, which thus formed the bottom of the lump. 
The slag was tapped to within about 3 inches of the bottom, shortly after 
the commencement of fusion, and additions of spiegeleisen were made in 
diminishing quantities, from 40 lb& at the fifth to 20 lbs. at the seventh 
and last charge. During these successive additions the mass was con- 
stantly maintained in a pasty semi-fluid condition, and, at the expira- 
tion of eight hours, a bloom, weighing 4 cwta, was obtained. This was 
divided into seven or eight pieces, which were tilted into bars, of which 
the weight amounted to about *70 per cent of that of the pig-iron 
employed. 

Puddled Steel . — Puddled steel appears to have been produced at 
Frantschach, in Carinthia, as long ago as 1835, but after repeated trials 
the process was ultimately abandoned. Bischof made puddled steel in a 
gas furnace at Magdesprung in the Harz, in the year 1846, and during 
several years experimental trials were made by various ironmasters both 
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in Westphalia and in Bavaria. In 1849 some of the Westphalian manu- 
facturers had succeeded in overcoming all practical difficulties, and in 
the following year puddled steel had become an established article of 
commerce. 

There is no essential difference between puddling for the production 
of wrought-iron and that for the production of steel, except that in 
the former case the decarburization is more completely effected than in 
the latter. The crude irons most suitable for conversion into steel are 
such as are rich in carbon and manganese, and consequently spiegeleisens, 
together with certain varieties of “ mottled-pig,’’ are well adaptcnl for this 
purpose. Generally speaking, the furnace used is somewhat smaller than 
the ordinary iron-puddling furnace ; or rather, the dimensions of the fire- 
place and chimney remaining the same, the size of the bed is somewhat 
diminished, in order, wdien required, to command a proportionately liigher 
temperature. The charge is introduced in the form of fragments of 
nearly equal dimensions, and is so distributed over tlic surface of the 
bed that all may become fused about the same time and without the 
formation of any large quantity of oxide. 

The charge of pig-iron does not commonly exceed from 3 to 3J cwts. ; 
in the preparation of puddled steel it is, however, m*cessary that the 
charge should not only be perfectly fused, but also tliat it should be 
covered by a stratum of li«{uid slag, wliich has the effect of regulating or 
rendering uniform the oxidation of the carbon. The presence of prot- 
oxide of maganese in the slag is likewi^vc advantiigeous as contributing 
to its fluidity, without at the same time increasing its decarburizing 
influence. 

The melting-down and stirring or rablding is effected at a higher tem- 
perature than that employed when puddling for wrouglit-iron, and usually 
occupies from forty to forty-five minutes ; the formation of the steel balls 
is, however, conducted at a lower temperature than those of wrought-iron, 
and at this stage of the operation the furnace should be filled with gases 
of a neutral or reducing character. 

Fluxes of a more or less oxidizing nature, in accordance with the 
quality of the pig-iron under treatment, are added during the operation 
of melting-down; and towards the close of the process the presence 
of a poor, and therefore slightly oxidizing slag, in a state of great 
liquidity is required. The presence of viscid highly oxidizing slags would 
materially accelerate the fining, but would also be liable to result in a 
too complete decarburization of the metal, by which the quality of the 
steel would be prejudicially affected. The decarburizing action of the 
slags is regulated by the addition of clay, quartz, poor slags, mill-cinder, 
Ac., as may be required. Sometimes addition of peroxide of manganese 
is made immediately before balling, or a mixture of peroxide of man- 
ganese, clay, and salt is added at intervals during the stirring. The 
contents of the furnace are well stirred during the second period of the 
process, and should the iron separated in a malleable form, accidentally 
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become decarburized to too great an extent, it may be brought back to 
the proper condition by dissolving it in the still unaltered pig-iron beneath. 
When the metal commences to rise, the operation of fining is promoted 
by closing the damper until the charge begins to thicken, when the heat 
is gradually raised, and the mass is repeatedly worked with an iron tool ; 
this stirring or rabbling occupies from forty-tive to fifty minutes. 

The appearance of the particles of metal, which are constantly brought 
to the surface of the covering of liquid slag by stirring, affords a toler- 
able indication of the progress of the operation and of the nature of the 
product which will be obtained. When the metal thus raised above the 
surface of the slag is brilliantly granular, it indicates that the process is 
progressing satisfactorily, and that the steel produced will be fine-grained 
and of good quality. If, on the contrary, the mass is coarsely granular 
and presents a flaky appearance, the steel will be likely to be coarse in 
texture and imperfectly refined. 

The whole of the charge may either be balled-up at once, or a por- 
tion of it only, according to the nature of the steel required and the skill 
of the workmen employed ; in some cases each ball is shingled as soon as 
it is finished, a new ball being formed in the meantime. In the puddling 
of iron a certain amount of decarburization takes place during the opera- 
tion of balling ; but in the case of steel this is, as far as possible, pre- 
vented by shutting the damper and filling the furnace with flame and 
smoke, tlius producing a neutml or non-oxidizing atmosphere. When the 
furnace is heated by gas, the same result is obtained by shutting off the 
top blast. The shingling of the balls is conducted at a lower tempera- 
ture than that employed for malleable iron, and those which cannot be 
imnieiliately taken to the hammer are rolled in slag, so as to give them 
an external varnish, which tends to prevent oxidation. In order to 
prevent the decarburizing action of the slag, the balls should be shingled 
as quickly as possible ; slags, when highly basic, act rapidly upon the 
combined carbon. 

The fact of the partial decarburization of pig-iron requiring the 
expenditure of a larger amount of fuel than the more complete removal 
of its carbon, in the manufacture of wrought-iron, can only be explained 
by the slowness of the operation, caused by the peculiar circumstances 
under which the reactions are produced. 

The time required, under ordinary circumstances, to work off a heat 
for wrought-iron and for steel will be, respectively, as follows ; — 


Melting-down 

Stirring 

Boiling and fusing 
Balling 


Iron. 

. 30 to 40 minutes 
. 30 „ 35 „ 

. 25 „ 30 

10 


95 to 115 


steel. 

40 to 50 minutes. 
45 „ 50 ,, 

20 „ 25 

10 


115 to 135 


The consumption of fuel in puddling iron varies considerably, not 

y 
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only with its quality, but also with the nature of the metal originally 
operated on, and of that finally produced ; it may, however, be taken 
roughly at from 100 to 125 per cent, of the puddled bars obtained. In 
puddling steel, however, from 130 to 135 per cent, of good round coal 
will be consumed ; and, should the quality be indifferent, it may some- 
times reach as high as 160 per cent. 

The loss in puddling steel is less than that occurring in the production 
of wrought-iron. In puddling alone, it varies from 6 to 9 per cent. ; if the 
loss on re-heating be included, it wdll amount to from 15 to 20 per cent. 

From 1,800 to 2,000 lbs. of shingled steel balls can be produced from 
one furnace in twelve hours ; when puddling wrought-iron from eiglit to 
nine charges are worked during that time, but with steel from six to 
seven charges only can be obtained. 

The puddled balls, on being placed under the hammer, emit a blue 
flame, due to the combustion of carbonic oxide ; and as they are less com- 
j)act than those of wrought-iron, they require more careful management, 
first receiving very light blows and afterwards heavier ones. For the 
purpose of being drawn into bars, the blooms are re-heated, either in a 
reverberatory furnace or in a hollow fire. In large establishments puddled 
steel is generally re-heated in reverberatory furnaces, and subsequently 
treated by steam-hammers and rolling-mills ; but in small works the re- 
heating is conducted in hollow fires, and the dmwing-out is effected 
by the tilt-hammer. 

This process, like many others previously noticed, thougli once of some 
importance, has now become almost insignificant owing to the development 
of the Bessemer and Siemens methods of steel-making on the large scale. 

Besaetner's Process . — Tliis proccvss, the most important advance made 
in the metallurgy of iron since the introduction of liot-blast and the 
puddling-furnace, was first made public by Mr. (now Sir Henry) Bessemer 
at the Cheltenham meeting of the British Association in 1856, but some 
time elapsed before the conditions m^cessary for success on a working 
scale were determined, and more particularly the necessity of using only 
the purest kinds of pig-iron. Some of the earliest successes were obtaiiuid 
in Sweden, and subsequently pig-metal from Cumberland and Lancashire 
was almost exclusively employed in this country. This process essen- 
tially consists of blowing large quantities of atinosj)heric air, divided into 
numerous small jets, through a bath of molten cast-iron, thus effecting 
the raj)id oxidation and consequent combustion of carbon, silicon, and 
certain other substances present in the pig-iron. The very high tempera- 
ture which is thus developed in the con verting- vessel is sufficient to 
keep liquid the resulting decarburized iron, instead of leaving it in the 
viscid pasty condition in which it is pro<luced in the puddling-furnace. 

The blast is injected at a pressure of from 18 to 20 lbs. per square 
inch, and the very high temperature attained is obviously the result of 
the intimate contact thus caused between the air and the various oxidiz- 
able bodies present This oxidation takes place simultaneously through- 
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out the whole mass, and not, as in the process of puddling, only at the 
surface, or where the metal comes in contact with cinder or some other 
oxidizing agent. The increase of temperature goes on progressively 
from the moment the blast is first turned on until it is again shut off; 
the various substances becoming oxidized in the same order of succession 
as they are respectively eliminated by refining and puddling. The silicon 
is thus first transformed into silica, which, uniting with oxides of iron and 
manganese, forms a liquid cinder. If the blowing be continued after the 
oxidation of the whole of the carbon has been effected, the heat will be 
kept up by tlie combustion of the iron itself, and a product is ultimately 
obtained which possesses all the properties of burnt iron. The blowing 
must therefore be stopped before this point is reached, or the metal must 
be ** tempered by the addition of appropriate carburizing materials. 

By the first method, which was formerly employed in Sweden, the state 
of the charge, .and consequently the period at which the blast should be 
discontinued, is determined by the appearance of the flame issuing from 
the converter. The results obtained by the second method, which was 
originally suggested by Mr. Mushet, are of a more certain and uniform 
character, and it is therefore now generally preferred. 

Experience has everywhere shown that in order to obtain steel of good 
quality it is necessary to employ pig-iron of exceptional purity. It 
should in the first place be almost absolutely free from sulphur, phos- 
phorus, and copper, as the process is, practically, incapable of reducing to 
any great extent the proportion of those bodies existing in the original pig- 
iron. On the other hand, the presence, witliin certain limits, of silicon and 
manganese is considered desirable, and, until the whole of the latter has 
been eliminated, oxidation of the iron takes place to a very limited extent; 
the silica resulting from the oxidiition of silicon combines with manganous 
oxide and forms a liquid slag, which has, however, the disadvantage of 
exercising a corrosive action on the siliceous lining of the converter. 

The Eiigli.di iron best adapted for use in the Bessemer converter is 
grey-pig smelted from Cumberland haBinatite, .and of the quality indicated 
by the Nos. 1. and II. ; it should contain at least U per cent, of silicon and 
not more than 0*2 per cent, of phosphorus. At Essen, WestphaUa, the 
pig-iron preferred for tre.atment by the Bessemer process is smelted from 
a mixture of spathic ores and haematite ; it contains 5 per cent, of carbon 
and 2 per cent, of silicon ; it also averages 1 per cent, of manganese, 
0*06 of phosphorus, and 0*04 of sulphur. 

Tlie furnace or converter employed in the production of Bessemer 
steel may either be stationary, like th.at formerly used in Sweden, or it 
may be suspend etl on trunnions, by means of which it can be rotated, 
vertically, through one-half or the whole of a revolution. 

The fixed converter, which was at one time generally employed in 
Sweden, and which has been revived in a modified form by Clapp & 
Griffiths in South Wales, consists of a wrought-iron c.asing lined with 
fire-brick, somewhat like a foundry cupola, and provided on one side 
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with a l>y means of Mhich it receiver its molten cast-iron* 

A series of refractory tuyers is placed in the liottom, and the whojo 
is covered by a dome having an inclined IuhkI^ tlm>ugh which tho gases 
evolved during the ojH*mtion make (heir es«i]H*. The Jnjuid metal is run 
into this coinerter after turning on the blast, so as to pn‘vent tho non 
from the tuverdioles, and the Wowing us continued until tho 

charge k run oS by a tap-hole provuletl for that pnrjmi-o. 

The movable converter now generally employeil, ib shown in lort/ca/ 
section in Bg. 108, affords great facilities for disthai’g/ng the metaJ, and 
also allows of the charge being retained for a con:>iderd})le time after the 
Wast has been shut otf. An external shell or casing, made of wrouglit- 
iron plates rivetted together, is suspended by nietiiis of a stout wrought- 



Fig. 108 — Bessemer Converter ; vertical section. 


iron hoop, carrying trunnions supported ]>y cast-iron standards. One of 
these is solid, and carries a pinion geaiing into a ruck on the extension 
of the piston-rod of a small direct-acting water-pressure engine; the otlier 
is hollow, and forms a passage for the blast. The lining requires to be 
composed of the most refractory material which can be obtained : fire- 
bricks are sometimes employed for this purpose, but, in this country, the 
fine-grained siliceous sandstone from below the Coal-measures, known as 
ganister, is found to answer better than any other material. It is first 
finely ground, and may be used either with or without an admixture of 
powdered fire-brick ; in either case it must be intimately incorporated 
with a small quantity of water, by which it is rendered so far coherent 
as to retain its form when tightly rammed between the outside casing 
of wrought-iron and an inside wooden core, which is afterwards with- 
drawn. The older converters, of whicli the form was very nearly that of 
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a soda-water bottle with the bottom flattened and the neck turned on one 
side, were, for the convenience of lining, made in two parts, which were 
united by bolts and nuts. The form given to the newer converters is 
more cylindrical, and the bottom, which is removable, is retained in its 
place by cotter-bolts. Beneath the bottom of the converter (fig. 108, 
which is of a somewhat old pattern) is the tuyer-box, a, which is a cylin- 
drical chamber communicating with the hollow trunnion, by means of 
the curved pipe, c. The tuyers, cf, are slightly tapered conical fire-bricks, 
each j)erforatcd with from seven to twelve parallel holes. From five to 
seventeen of these tuyers are arranged in the bottom according to the 
size of the converter, at equal distances from each other. The lower ends 
pass tlirough a perforated guard plate, forming the top of the air-chamber, 
with which they are maintained in close contact by stops supported 
by horizontal arms, which can be turned aside whenever the intro- 
duction of a new nozzle becomes necessary. The rack for turning the 
converter on its axis gears into the pinion, e, and, in the older establish- 
ments, the cylinders of the water-pressure engines were placed horizon- 
tally, but a vertical position is now more generally preferred, since less 
ground-space is occupied by this form of construction. The engine is in 
either case double-acting, and is worked by hand-gearing situated at a 
considerable distance. An arrangement for turning on and cutting off 
the blast by the rotation of the converter itself is shown in connection 
M’itli the hollow trunnion, h; the valve, which is constructed on the 
double-beat principle, has its spindle prolonged through the top of the 
tubular pillar, and is so weighted at / as to keep it closed, when its fall 
is not mechanically interfered with. Attached to the valve-spindle is 
the lever, < 7 , articulated at /q while to the trunnion is keyed the eccentric 
disc, z, which, pressing against the lever, lifts the valve and turns on 
the blast as soon as the apparatus is in a proper position for blowing. On 
the other hand, Ayhen the converter is lowered for the purpose of pour- 
ing, the pressure of the eccentric is taken off the lever, and the valve 
is closed. Tliis arrangement for admitting and cutting off the blast at 
exactly the right moment, independently of any care or attention on the 
])art of the workmen, was at one time generally used, but has since been 
abandoned. 

In the small Bessemer plant, fig. 109, two converters, a, are placed on 
opposite sides of a circular casting-pit, in the centre of which is a vertical 
hydraulic cylinder, with a ram or plunger carrying a cross-arm, formed 
of two parallel iron girders rigidly connected by bolts and distance- 
pieces; to one end of this is attached the ladle, c, its weight being 
balanced by a counterpoise on the other end. This counterpoise is pro- 
vided with gearing by which it can be gradually removed to^vards the 
centre in proportion as the ladle becomes emptied, and its weight conse- 
<iuently diminished. The ladle is made of wrought-iron lined with fire- 
clay, and is provided with a tapping-hole in the bottom, which is closed 
by the end of a bent iron bar also coated with clay ; the other end of 
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tliis bar turns downward on the outside of the ladle, and is connected 



with a hand-lever, by which the plug in tlie tapping-hole may be raised 


Fig. 109. —Bessemer Steel-Plant ; elcvati</n, partly section 
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or lowered at pleasure. The ingot-moulds are so arranged around the 
periphery of the casting-pit that the tapping-hole is brought successively 
over each, when the ladle and its support are revolved vertically on the 
central pivot ; this motion is effected by means of spur-gearing, similar to 
that employed for the rotation of railway turn-tables. 

This gearing is worked by a man from the crane-platform, who has 
also the control of machinery by which, after a cast, the ladle is turned 
over on its bearings for the purpose of removing any adhering cinder or 
waste. The valves regulating the admission of the blast, together with 
those for raising the ladle-crane and tipping the converters, are controlled 
by mean of levers from an elevated platform or pulpit, placed so as to com- 
mand a distinct view of the operations, in which the workman in charge of 
the blowing is stationed. Power for the hydraulic apparatus is obtained 
from a steam-engine working force-pumps, in connection with a pair of 
accumulators. Each converter is usually capable of holding from 3 to 6 
tons of pig-iron,^ and, during the operation of blowing, occupies the 
position of that shown on the right hand, the flame and sparks being 
carried into a chimney by the hood, d. The hydraulic engines, e, are 
employed for tipping the converters, and a horizontal rack on the side 
of one of the girders is used as a slow-motion adjustment for bringing 
the tap-hole immediately over the centre of the mould. This is worked 
by a hand-wheel on the platform carrying the ladle. The rotary motion 
is obtained by a pinion gearing into a large spur-wheel, /, on the central 
plunger, and is M’orked by a wheel on the movable platform. The 
cranes, are worked by hydraulic power, and are employed for remov- 
ing the ingots from the casting-pit. 

The method of conducting the process in this country is generally as 
followh : — The charge is either re-melted in a cupola, or is tapped directly 
from the blast-furnace. In small works, as in Sweden and Styria, the 
converter may be placed below and in front of the furnaces ; but more 
generally the latter are at a distance, and the metal is tapped into a large 
ladle mounted on wheels and drawn by a locomotive. The furnaces are 
usually raised in such cases so as to give room for a tunnel under the 
pig-beds in wliich tlie railway for the ladle runs; and the converter, 
which has been previously heated to redness by being filled with ignited 
coke, is first reversed, so as to remove any unconsumed fuel, and after- 
wards brought to a horizontal position to receive its charge of molten 
metal, which is run into it tli rough an iron gutter lined with sand. 

The converter is now slowly brought back to a vertical position, the 
blast being at the same time turned on ; the flame which at first issues 
from the neck is of a yellowish-red colour, is but slightly luminous, and 
is not accompanied by a large amount of sparks. The reactions taking 
place at this period, which lasts from four to six minutes, are similar to 
those produced in the reverberatory furnace during the first stage of 
puddling. Graphitic carbon passes into the combined state, silicon be- 
comes oxidized, and silicates of iron and manganese are formed. This 
^ Now increased to from 6 to tons. 
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stage of the operation is followed by a period of active ebullition, during 
which the combined carbon is rapidly oxidized by the blast, carbonic 
oxide is evolved in large quantities, the flame increases in brilliancy, and 
showers of sjxirks and fragments of burning iron are abundantly thrown 
out. This boiling period lasts for about six or eight minutes, at the 
expiration of which time the intensity of the action begins to diminish, 
fewer sparks are evolved, and the flame acquires a characteristic bluish- 
violet tint. This marks the commencement of the last, or fining, stage, 
and as soon as the whole of the carbon has been consumed, the flame 
ceases, but is immediately succeeded by a stream of white-hot gas, chiefly 
consisting of nitrogen ; if, after this stage has been reached, the blowing 
be further continued, the temperature will be kept up at the expense of 
the decarburized iron, wdiich becomes rapidly oxidized. As soon as the 
appearance of the flame indicates that the almost total removal of the 
carbon has been effected, the converter is again turned back to the 
liorizontal position, and spiegeleisen, sutticient to give the re<iuired pro- 
portion of carbon in the finished metal, is added ; this is run in from a 
furnace through a sand-lined gutter, in the same way that the charge 
was originally introduced. 

After the addition of the spiegeleisen it was formerly customary to 
again turn on the blast during a few minutes, but this is now discon- 
tinued, and the contents of the converter are at once emptied into the 
ladle : this is brought into the proper position to receive it by lowering 
the central plunger and moving it horizontiilly by means of the spur- 
aud-pinion gearing before described. When very mild metal is made, 
the tempering is done with ferro-manganese, which is made hot and then 
shovelled into the ladle during the pouring. If the charge in the con- 
verter is very hot it is sometimes allowed to .stand a short time before 
pouring, or crop-emds and similar pieces of semp steel are addend, which 
in melting down absorb the superfluous lieat. Tlie ing{)t-moulds, A, are 
of cast-iron, open at both ends ; they have frecjuently a circular or 
octagonal section, and are .somewhat smaller in diameter at top than at 
bott^jni. As soon as the ladle has been charged, it is raised sufliciently 
to clear the top of the moulds, which are arranged round the edge of 
the casting-j)it, and is so turned as to bring the tapping-hole over the 
centre of each in succe.ssion ; the plug is then lifbnl, and the mould 
beneath filled. All the other moulds are in turn filled in the same way, 
care being taken, in each case, not to allow the molten steel to impinge 
against the sides, since it is found that this is liable to result in the 
production of an unsound ingot. As soon as a mould has been filled, 
a small quantity of sand is sprinkled on the surface of the metal, which 
is then covered by a piece of sheet-iron, secured in its place by an iron 
cross-bar passing through eyes on either side. This plan of stoppering 
the ingot-moulds, which is also used in other processes of cast-steel 
making, is not always sufficient to ensure soundness in the ingots, especi- 
ally when the metal is very mild or low in carbon, when it sometimes 
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boils violently when poured, so that the mould cannot he filled. Other 
methods for treatin" the liquid steel in the moulds have been proposed, 
and to some extent adopted, with a view of obviating this inconvenience. 
These are noticed at p. 365. In charging, it is necessary that the blast 
should be admitted before the converter is turned so as to again assume 
a vertical position, since otherwise fused metal would flow back through 
the tuyers, where it would solidify and cause obstruction. The Bessemer 
process, when conducted in the manner described above, which is sub- 
stantially the same as that originally developed by the inventor, is now 
known as the “ arid ])rocess,” in contradistinction to the so-called basic 
<lephosphorizing method of Thomas and Gilchrist. These terms refer to 
tli(‘ character of the material used for lining the converter, acid signifying 
quartz or ganister, and basic lime and magnesia. The analogy of the 
})uddling process suggests the terms dry and fluxing or boiling, which 
might perhaps be more appropriately applied to the two modifications. 

The nature and order of the chemical changes going on in the 
Bessemer converter have been investigated by several observers, and 
more particularly by 8nelus, Kuppelwieser, Akerman, and ^Muller, whose 
results show that slight but tolerably constant differences in the product 
may be traced to small initial differences in the composition and tem- 
perature of the charges, and the following classification of these methods 
is now used by German writers : — 

1. Swedish method without complete decarburization. 

2. English method for iron high in silicon. 

3. German method for iron high in manganese. 

The first method, now practically obsolete, is in some way repre- 
sented by the following series of analyses, taken during the blowing of 
a charge at Neuberg in Styria ; the metal, smelted from spathic ore with 
charcoal, W'as taken liquid from the blast-furnace and also used for 
re-carburizing : — 


Pig -Metal and Products. 


rj {graphitic . 

GrcyNcul^erg 

non, 

3180 

Metal taken 
after the 
Peiiod oi 
Scui ification. 

Metal t.iken 
towards the 
Close ot 
Ebullition. 

Burnt Iron 
taken before 
the Addition 
of Cast-iron. 

Final Product. 
Mild bteel, 
No. 6. 

1 combined . 

0-750 

2-4*65 

0-949 

0-087 

0-234 

Si . . . 

1-960 

•443 

0-112 

0-028 

0-033 

P . . . 

0-040 

0-040 

0 045 

0-045 

0-044 

S . . . 

0-018 

trace 

trace 

trace 

trace 

Mn . 

3-460 

1-645 

0-429 

0-113 

0-139 

Cu . . . 

0-086 i 

0-091 

0-095 

0-120 

0-105 

Fe . 

90-607 

' 95-316 

98-370 

1 

99*607 

1 

99-445 

1 

100-000 I 

100-000 

100-000 1 

1 

100-000 

100-000 
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CORBESPONDING SlaOS. 



Slag from the 
filast-furuace. 

Slag taken 
after the 
Period of 
Scorifioation. 

Slag taken 
towards the 
Close of 
Ebullition. 

Slag taken 
before the 
Addition of 
Pig-iron. 

Slag taken 
at the 
Moment of 
Casting. 

SiOa . 

40-95 

46-78 

51*75 

46*75 

47*25 

AbO, 

8-70 

4*65 

2*98 

2*80 

3*45 

FeO . 

0-60 

6-78 

5*50 

16*86 

15*43 

MnO 

218 

3700 

37*90 

32*23 

81*89 

CaO . 

30*36 

2-98 

1*76 

119 

1*23 

MgO 

i 16*32 

1-53 

0*45 

0*62 

0 61 

KsO . 

018 

trace 

trace 

trace 

trace 

NaoO 

014 

trace 

trace 

trace 

trace 

S . . . 1 

0*34 

0*04 

trace 

trace 

trace 

P . . . ' 

001 

0*03 

0*02 

0*01 

0 01 


99-77 1 

99*79 

1 

100*36 1 

100*36 I 

99*87 


When the metal is rich in silicon ami poor in manganese its melting- 
point is high, and it is not very much superheated before blowing. These 
conditions are realized in the second or Englit^h method, and the first 
effect of the blast is the oxidation of silicon, as is seen in the following 
analyses of a blow made at Sheffield about 1870 : — 


j 


. 1 

After Blowing 

End of Blow. 

Spiegel 

adde<L 



Original 





! 


Pig Iron. 

1 

Hix 

Minutes 

IVelve 

Minutes 

1 Eighteen 

1 Minutes. 

Twenty 

Mutules 

1 

C . 


. 1 3*570 

3*940 

1*640 

’ 0190 

0*370 

, Si . 

. 

2*260 

0*950 

0*470 

t 

trace 

trace 

f Mn . 


. < 0*040 

trace 

trace 

trace 

0-540 [ 

i 

S . 


. j 0*107 

0*098 

0*098 

0*098 

0 090 1 

1 P . 


. ' 0-073 

) 

0*070 

0*070 

0*070 

0 050 1 


In this case no carlx)n was removed until the bath had become well 
heated by the oxidation of silicon. 

When the metal is poor in silicon, but contains a notable proportion of 
manganese, and is run into the converter in a strongly superheated state, 
the conditions of the so-called German Bessemer process are realised ; the 
oxidation of carbon and silicon by the blast go on simultaneously, but the 
latter is not completely removed. The following is an example given by 
Muller for the Osnabriick Steel-Works, blowing a mixture of 70 j)er 
cent, of local and 30 per cent, of Cumberland pig-iroa 
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Charge. 

After Blowing 



Five 

IMinutes. 

Ten 

Minutes. 

Eighteen 

Minutes. 

c . 

. 

8*460 

2-710 

1*630 

0*092 

Si . 

. 

1*930 

1-070 

0*790 

0*532 

Mu . 


2*990 

1-920 

1*360 

0*538 


Spiegel 
Added and 
Blown for 
Forty 
Seconds. 


0*104 

0*346 

0*641 


This method of working is more particularly adapted for the treatment 
of pig-iron with a notable quantity of phosphorus (0*10 to 0*15 percent.), 
the effect of which is masked by the addition of silicon and manganese. 
Such steel, although under ordinary conditions fairly well fitted for rails, 
is, however, very brittle at low temperatures. 

The first of tho foregoing tables shows that copper and phosphorus 
are not oxidized in the Bessemer process, but that sulphur, when present 
in very small proportion only, finally disappears ; silicon and manganese, 
more especially the former, are rapidly oxidized, while iron does not 
unite with oxygen, to any con.'sidcrable extent, until silicon, manganese, 
and carbon have been almost entirely eliminated. 

In Sweden nine grades of Bessemer steel are distinguished, according 
to their relative degrees of hardness, estimated by their temj>ering power. 
They are respectively designated by the numbers, 1, 1^, 2, 2^, <kc., pass- 


ing from the hardest to the softest. 

At the works of Siljanfors these 

various numbers were found to correspond very nearly with the following 

proportions of carbon : — 


No. 1 

2*00 per cent, of carbon. 

n li 

17*^ »» ♦» 

.,2 

1*50 ,, 

24 

1*25 ,, „ 

,, 3 . 

I’OO 

,, 34 . 

0*75 

„ 4 

0*50 „ 

» 44 

0*25 

„ 5 

0*05 ,, ,, 

No. 1 links white pig-metal with the hardest steel ; it may be forged 
with difficulty but does not weld. No. 5, on the contrary, is homogeneous 


metal, welding perfectly but having no tempering power. 

In Austria, where, as in Sweden, very pure pig-irons are treated 
by the Bessemer process, superior products are obtained. Tunner, the 
well-known metallurgist, has adopted a system of classification which 
differs but slightly from that employed in Sweden ; he has, however, 
omitted the first two Swedish numbers, which rather belong to white 
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pig-iron, and has replaced the half numbers by entire ones, from one 
to seven. 

At the Imperial works at Neuberg, the proportions of carbon corre- 
sponding to the several numbers of hardness, are as follow : — 


Numbers of 
lliirdness. 

Proportions of Carbon. 

Observations. 

No. 1 

1*58 to 1*38 per cent. 

Cannot be welded, and is rarely used. 

» 2 

1*38 „ M2 

„ 

M 3 

M2 „ 0 88 


Welds easily ; used for bits, chisels, &c. 

„ 4 

0*88 „ 0-62 

n 

Used for cutting- tools, files, Slc. 


0*62 „ 0-38 


Mild steel, for tires, kc. 


0-38 „ 0-15 

it 

i Tempers slightly ; steel for boiler-plates and 
1 axles. 

” " 

o 

o 

6 


Poes not temper ; steel for pieces of machinery. 


It Avill be seen from these results that 0*25 per cent of carbon, more 
or less, is sufficient to cause steel to pass from one grade to another. 
This is confirmatory of the theory which supposes, all other conditions 
being the same, that the hanlness of steel will practically be proportionate 
to the amount of carbon it contains. 

It has b<‘en }M)inted out by Jordan that a very large proportion of the 
heat developed by this proc(*ss for manufacturing steel is duo to the 
combustion of .’silicon, which, when convert(*d into silica, combines with 
ferrous oxide and other bases, and covctn the surface of the bath with 
a liquid slagj in the case of carbon, however, a consid(*rable ])ortion 
of the heat developed is abstracted by the carbonic oxide produc(*il, 
which, escaping in tlie form of gas, is u.seles.sly con.sunied at the mouth 
of the converter. Tie also states that in certain localities in the south of 
France the process can only be efficiently carrie<l out by charging the 
cr>nverter directly from the blast-furnace, as the o])eration of re-melting, 
wdiich usually results in the los.s of 1 per cent, of silicon, so far reduces 
the proportion of that element as to render the resulting metal unsuitable 
for this method of treatment. 

Manganese may, to a certain extent, replace silicon as a j)roducer of 
licat, as in cases where the pig-iron ojMjrated on has been smelted from 
sj>athic ores. Silicon, although an essential component of good Bessemer 
j)ig, should not be present in excess, and, as a general nile, it should not 
exceed the amount of carbon in the iron. The presence of a very largo 
quantity of silicon in pig-iron intended for treatment by tin* Bessemer 
process may be prejudicial to the result in two diffiirent ways ; first, by 
giving rise to the formation of an increased amount of slag, resulting in 
a large loss of iron ; secondly, by the difficulty experienced in accom- 
plishing its complete removal by the time the elimination of the carbon 
has been effected. 

The working of the Bessemer process is mainly controlled by the 
appearance of the flame, the sudden drop at the close of the decar- 
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burizing period, when blowing the hsBinatite pig used in this country, 
being very marked ; when much manganese is present the indications are 
more obscure, on account of the large amount of brown smoke which is 
emitted. The spectroscope has also been applied to the same purpose, 
the period of most active ebullition being marked by the appearance of 
bright lines and absorption bands, in the green part of the spectrum, 
characteristic of manganese and carbon respectively; these disappear 
when the flame drops. 

Anotlier method of controlling the operation is by the character of 
the slags. If an iron rod is plunged into the converter and removed at 
once, a portion of slag is brought out adhering to the point, which is of a 
peculiar brown tint as long as any carbon remains, but becomes dead 
black from magnetic oxide of iron as soon as it is entirely removed. 

At Seraing the following relations have been observed between the 
colour of the slag and the amount of carbon in the metal : — 


Lemon-yellow . 
Orange 
Light-brown 
Dark -brown 
Bluish-black 


075 per cent, and upwards. 


0*60 

0-45 

0*30 

015 


»» 


»» 


From a very excellent report to the Iron Office of Sweden, on the 
German, Austrian, and Englisli manufacture of Bessemer steel, based on 
data collected in 1870, during a journey made in those countries by E. 
Brusewitz, published in the ‘ Jern-Kontorets Annaler^ for 1871, p. 199, 
the following analyses are extracted : — 


Analyses of Besskmku Steel. 




1 

C. 

Si. 

Mn 

P. 

s. 1 

1 

Steel made direct from the blast-furnace 
without addition of spu'geleisen : 
At,We8tanh)rs, Sweden 

1 0-085 

0*008 

trace 

0*025 

trace 


Ditto 

1 0-300 

0*044 

0*179 

0*033 

trace 


Ditto 

0700 

0*032 

0*256 


trace 


Ditto 

0*950 

0-047 

0*463 

0*032 

trace 


Ditto 

1*050 

0-067 

0-355 


trace 


Barrow-in-Furness (for course wire) 

0-200 

0-179 

0**214 

0-026 

0*030 


Germany (for rail-lieads) . 

0 138 

0*306 

0*386 , 

1 0*134 

0*040 


„ (for rails) from iron poor | 

0*150 


0*264 

0*132 

0*0*25 

i« 

in Manganese . . . ) 

Germany (for rails) from mixture ) 
of Workington hiematite pig with > 

0*046 

1 0*091 
0*634 

0*638 

j 0*093 

0*045 

If 

German maiiganiferous pig . j 

from Neuberg (for boiler-plate) ) 

1 

1 

0*250 

0*016 

0*136 

1 

0*010 

ti 

direct from blast-furnace . ) 

fnnn Neuberg (iron first re-melted | 

1 0 300 

' ! 

0*056 

1 

1 0*273 

1 

o 

o 

If- 

i 

0*040 j 


in cupola) , . . . ) 


1 


Dephosphorizing in the Bessemer Converter , — In the Bessemer process 
as originally conducted, it is necessary to employ pig-iron containing 
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only a minute amount of phosphorus, as the proportion of that element 
removed during the conversion is very small Such high-class metal is 
not only dearer but also less abundant than that smelted from oolitic 
and other cheap ores, and consequently the development of the process, 
although very considerable, was still restricted in one important direction. 
This original difficulty has now, however, been completely overcome by 
the adoption of the so-called basic method of Messrs. Thomas and Gil- 
christ, which was introiiuced in 1878. Tlie principle upon which the 
process rests was discovered in 1872 by Snelus, who found that the 
retention of phosphorus in the blown metal was materially influenced by 
the character of the slag, which was essentially a silicate of iron and 
manganese of the form RSiOs, and that when it could be reduced to 
a lower silicate ))y the addition of other bases, phosphorus could be 
removed by oxidation. Small trials made upon Cleveland iron at 
once proved successful, but the fact was not publislied, nor was the 
process adopted on the large scale, until more complete and elaborate 
experiments had been made independently by Thomas and Gilchrist. 

The essential peculiarities of this process are the use of a converter 
lined with lime, magnesia, or with the combination of both as existing in 
calcined dolomite, and the addition of lime for the purpose of dephos- 
phorizing after the carbon of the metal has been oxidized. This process 
is applicable to any variety of pig* metal that is sufficiently free from 
sulphur and does not contain more than about 1*0 percent, of silicon, 
while phosphorus may be present. in any reasonable quantity, and should 
not be less than 2 to 2i per cent. Manganese in notable proportion is 
advantageous, as it prevents the absorption of sulphur in the blast-fur- 
nace, and by its oxidation provides a portion of the heat required to 
keep the metal fluid. The heat derived from the oxidutiim of phosphorus^ 
is, weight for weight, about 25 per cent, less than that resulting from 
silicon. The condition of the carbon in the metal is not material, and 
white- is equally well suited with grey-j)ig if only the requisite freedom 
from sulphur be attained, as there is practically no desuliihurizatiou 
efiected during the blow, in which respect the Thomas and Gilchrist 
resembles the original Bessemer process. 

In some few instances the amveri^r lininfjs are made of bricks of 
caustic lime obtained from pure limestones, but more generally dolomite 
tliat has l>een exposed to a white heat for several liours is us(id. This 
is done either in cui)olas or in regenerative chamber-kilns, the former 
being the simplest, altliough requiring rather more fuel IhaTi the latter. 
The cupola is built in sections, the central part Injing removable for con- 
venience in re-lining. The lining is made of the same material (burnt 
dolomite) or of blocks of chromic iron ore. The latter, though an exceed- 
ingly refractory substance, is not very coherent, and great care is there- 
fore required in cleaning out obstructions that may form during the work- 
ing. Tiie dolomite is charged in lumps of about the size of the list ; two 
^ P burnt to PjO# = 5,760, Si to SiOj = 7,830, unitg per unit of weight. 
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barrows of coke are required for seven of dolomite. The burning lasts 
nine hours, and the stone comes out at a white heat. The fully burnt 
pieces when cooled are found to have contracted about one>half in dimen- 
sions, with a similar loss in weight. This so-called shnmk dolomite 
is very hard, and may be preserved in the air without change for some 
time, but it ultimately slakes and falls to pieces. From 12 to 15 cwta 
of coke are required per ton of shrunk dolomite produced, and the cupola- 
linings last out from 40 to 60 charges. 

The shrunk dolomite, when carefully freed from all imperfectly burnt 
or partially fused portions, is crushed under edge-rolls, in a CarFs disin- 
tegrator or in Vapart’s mill, to the size of a pea, and mixed with from 3 
to 12 per cent, of gas-tar that has been previously freed from water and 
ammonia by boiling. According to the amount of tar used the mixture 
is, when hot, either plastic or liquid. In the latter condition it is used 
for lining the converters by the method of ramming, while the stiffer 
mixture is used for making into bricks. These are moulded by stamp- 
ing the mixture into iron moulds with hot iron rammers, and when 
filled the moulds are covered with cast-iron plates and heated for twelve 
hours in an oven, until the tar is burnt off. The bricks are moulded in 
segments to suit the converter, and each weighs about 55 lbs. when finished. 
They should be used as soon as possible, as under ordinary circumstances 
they disintegrate in from three to six days when exposed to the air. 

One of the most modern forms of the Bessemer converter is seen in 
figs. 110, 111, in whicli it is shown in vertical section through the trun- 
nions and in side elevation. 

The converter is for an equal weight of charge larger than that of the 
original Bessemer process, as provision must be made for the very large 
vidunie of slag produced.^ The woodcuts of p. 152 represent a new form 
of converter used at the Clevelaml Steel-Works, which has a straight neck, 
and can be poured from either side. The outer shell or casing, made of 
wrought-iron plates 1 inch thick, is put together in three parts, namely, 
a central cylindrical body with a conical neck and bottom, so connected 
by eye-bolts and cotters that they may be detached from each other for 
repairs. The belt and trunnions are in two pieces, formed of cast-iron 
sections. The trunnions are 21 inches in diameter and 15 inches long; 
the belt is bored out to receive the body of the converter, which is 
secured by weilges, and can be removed by a crane over head. The 
total weight of the converter is about 40 tons, and of the belt 11 tons. 
The tipping-gear consists of a pair of double-acting hydraulic engines 
attached to one of the standards, working a steel screw of feet pitch 
and a M’omi-wheel 8 feet in diameter. This allows the coinerter to be 
turned to either side or completely round. When intended for 15-ton 
charges, the convertors are 24, j feet high, and are mounted on piers or 
stan^rds about 20 feet above the ground-level 

^ This requires an increased capacity of ono-half, or a 6J-ton new coiivei-ter must 
be as large as one of 10 tons for the original process. 
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The linings are either built up of dolomite bricks, moulded to the 
proper section, set in tar-asphalt, or with the plastic mixture of crushed 
shrunk dolomite and tar, which is rammed round a tapered iron core 
heated by a coke fire. The thickness of the lining is from 10 to 14 inches, 
the thickest portion being below ; and when it is worn down to 3 or 4 
inches, it is re-lined in place. The bottoms are made by ramming a 
mixture containing somewhat less tar than that used for the body-lining 
around a series of core-pins lialf-an-inch in diameter, which form the air- 
passages. The number of these varies from 35 to 80, according to their 
diameter, which may be from to | of an inch. The thickness of the 
bottom is from 16 to 20 inches. Wlien finished, it is burnt in an oven 
heated by two or more fire-places, in the same way as the bricks. In 



Fig. 110.— Vertical section. 

Walker’s 10-Ton Converter. 


Fig. 111.— Side elevation. 


some cases, instead of using pin-tuyers larger cores arc inserted, so that 
the ordinary siliceous tuyer-brick with numerous small air passages may 
be used. The body-linings originally lasted only from 40 to 50 blows, 
but now the number of blows has been increased to between 100 and 
130. The bottoms last from 18 to 20 blows. When siliceous tuyer- 
bricks are used, if a proportion of them are renewed after every blow, 
they will last from 30 to 40 blows. When the converter is ready for 
charging, it is made hot by a coke fire, and a quantity of quicklime, 
from one-seventh to one-fifth of the weight of the charge of metal, is 
introduced. This is brought directly from the kiln, so as to be as liot 
as possible. The metal is then charged in the usual way, either from a 
cupola or directly from the blast-furnace. The blowing is conducted as 
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previously described. In about ten minutes the carbon is entirely burnt 
off, and the after-hlow or dephosphorizing period commences. This is 
marked by a great increase in the temperature of the bath, and the 
thickening of the converter smoke from the burning of iron. The flame 
also shows peculiar bright patches, which are not observed in the old 
process. The length of the after-blow is regulated by breaking small test 
ingots, which should show a close silky fracture, entirely free from bright 
crystalline particles. When the desired result has been obtained, the 
converter is tipped to run off the slag, after which the metal is brought 
to the final temper by the addition of the proper quantity of spiegel 
and ferro-manganese, the former in the converter, and the latter in the 
ladle after pouring. The removal of the slag is of importance, as a 
portion of the phosphorus may be re-absorbed if left in contact with the 
metal for any length of time. 

The re-carburizing may also be effected by adding a proportion of 
melted haematite pig to tlie over-blown metal in the ladle, which causes a 
strong ebullition with the production of slag which overflows the ladle. 
When this has subsided, spiegel or ferro-manganese is added as required 
before casting. The final pouring or teeming of the metal into the 
moulds is conducted in the usual way. 

The chemical changes going on during the basic process have been very 
elaborately investigated both in this country and in Germany, and the 
results of these investigations, which are substantially similar, will be 
found in the later volumes (1880-83) of the Journal of the Iron and 
Steel Institute, The following table gives the results of the process as 
conducted at the Eston Steel- Works in Cleveland : — 


Metal before and after Blowing. 



Original 

Pig-iron. 

Six 

Minutes. 

Twelve 

Minutes. 

Pourteen 
and a half 
Minutes. 1 

Sixteen 
and a half 
Minutes. 

Sixteen 

Minutes 

thirty- 

five 

Seconds. 2 

Finished 

Steel. 

C • , , . 

3*57 

3*40 

0*88 

0*07 

trace 

trace 

0*124 

Si ... . 

1*70 

0*28 

0*01 

trace 



0*030 

r . . , . 

1*67 

1*63 

1*42 

1*22 

014 

0*08 

0*022 

Mn . . . . 

0*71 

0*56 

0*27 

0*12 

010 

trace 

0*270 

S . . . . 

Corresponding slags — 
SiOa . . . 

0*06 

0*06 

005 

0*05 

0*05 

0*05 

0*040 

1 

42 60 

35*60 

33-00 


16*60 

18*60 

P 2 O 5 . . 


0*15 

2*61 

5-66 

• •• 

16*03 

13*87 

Fe . . . . 

1 

2*00 

4*80 

6-16 

... i 

11*35 

7*10 


The following analysis represents the average composition of the 
basic cinder produced at the North-Eastern Steel- Works in Cleveland : — 

CaO. MgO. AljOj. Pe,0,. PeO. MnO. VjO. SiO,. PjO.. SO,. Total. 

41*64 6-13 2-60 8*04 14*66 3*81 0*29 7*40 14*32 0*31 99*70 

Metallic iroD, 17*45. Metallic manganese, 2*95. 


^ End of blow. 


* End of after-blow. 
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The pliosphorus in the slag appears to be mainly in combination with 
lime as tribasic phosphate. Sometimes tabular or columnar crystals 
separate in the slag, which are brown and slightly translucent by trans- 
mitted light, but tarnish to a black or blue tint; whose composition, 
according to Hilgenstock, is — 

CaO. PjO*. MgO. MnO. BiO,. 

6116 34-46 1-90 1*51 0*91 

which corresponds approximately to a phosphate represented by the for- 
mula Ca 4 P 209 containing CaO 61*20 and PgOu 38*14 j)er cent. 

The loss upon the weight of pig-iron charged varies from 13 to 19 
per cent, the average being 15 per cent, or about 3 \y^r cent, more than 
with haematite pig. About 1 cwt of basic lining-material is required 
for 2 cwts. of steel made, in the preparation of which 1} cwt of coal or 
^ cwt of coke is consumed. The lime used for fluxing is about 3 cwts. 
per ton of steel ; and this, together with the wear of the lining, produces 
from 8 to 10 cwts. of cinder ; a very much larger quantity than in the 
original process. Two principal applications have been suggested for 
this slag, namely, as a source of phosphorus in the blast-furnace, and 
as a fertilizer for agricultural purposes, the large amount of lime present 
being advantageous in both cases. When used in the blast-furnace, pig- 
iron may be readily produced containing 7 per cent, of phosphorus and 
upwards, although there is a considerable loss of unreduced phosphoric 
acid. For example, with 7*20 per cent, of phosphorus in the metal, 2*39 
passed into the slag. 

Phosphoric pig-iron may also be easily produced by smelting the 
tap-cinder of puddling-furnaces with Spanish inanganiferous ores, in 
which way almost any desired proportion of manganese and phosphorus 
may be obtained in the metaL 

The best way of using basic-cinder as a fertilizer is to grind it to as 
fine a powder as possible, and apply it to the laud without further pre- 
])aration. Various methods of preparing soluble phosphates from it have 
been tried by treatiiient with hydrocldoric or sulphuric acid, but, hitherto, 
without success. When used in the raw state, it seems to be of greater 
fertilizing value than ground natural phosphates, and but little inferior to 
common superphosphates. 

Of late years greatly increased rapidity of working has been attained 
in the Bessemer process by the use of methods that enable the worn 
parts of the converter to be replaced without cooling down. The most 
important of these is the loose bottom introduced by the late Mr. A. L. 
Holley in the United States, and now universally adopted. The bottom, 
which lasts, in the acid process, from 12 to 30 blows, according to the 
number of tuyer-bricks renewed during its life, and from 8 to 21 in the 
basic process, is moulded to a conical form, so as exactly to fit the corre- 
sponding enlargement in the body of the converter. When dried, it is 
brought from the stove upon a railway-truck, and lifted into place by a 
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hydraulic lift, which may be either permanently fixed below the con- 
verter, or be portable and attached to the truck. In the latter case, the 
lift-pumps may be worked by hand, or power may be supplied from the 
main under pressure of the accumulator by a flexible tube. The con- 
nection between the bottom and the body is made by eye-bolts and 
cotters as shown in fig. 111. From 28 to 36 tons in twenty-four hours 
are now obtained in England from a pair of converters with ganister 
bottoms as compared with the 10 or 12 tons of early times; and in 
America from 45 to 76 tons are commonly realized. 

The arrangements of the casting-pit have of late years undergone 
considerable modification in consequence of the larger charges worked 
and heavier ingots made. Instead of placing the converters at opposite 
ends of the diameter of a semicircular pit, they may be placed side by 
side, so that nearly the whole circumference of the sweep of the ladle- 
crane is available for moulds. Another method is to transfer the ladle 
when filled from the end of the crane at the front of the converter to 
another which commands the entire circumference of a second pit, which 
may be entirely filled with moulds. 

When more than two converters are used in the same plant, they 
are usually placed with their trunnion-axes in line, and the ladle runs 
on a railway in front to receive the blown metal, which is then transferred 
to a casting-crane. This arrangement has been very extensively deve- 
loped in the large open-hearth steel-works where a large number of 
furnaces are used. Wlien the converters are placed high, as in figs. 110, 
111, the ingot-pit is either very shallow, or the moulds may stand on 
the natural surface of the ground. This is an important advantage, 
as much better ventilation is secured than was possible in the old sunk 
pits. The newer forms, both of ladle and of ingot-crane, are made with 
two small hydraulic presses, in addition to the large central one. The 
latter is kept in continuous communication with the hydraulic ram under 
the accumulator, while the small ones are brought into use singly or 
together according to the weight to be lifted. In this way considerable 
economy in pumping-power is realized. 

The Uchathts Process , — This process, which was patented in 1855, 
consists in effecting the partial decarburizatioii of pig-iron by fusion in 
contact with ferric oxide or some other substance capable of yielding 
oxygen. The pig-iron is first granulated by running the fused metal 
into water, and the granulated cast-iron thus obtained subsequently 
mixed with about 20 per cent of roasted spathic ore and 4 per cent of 
fire-clay ; this mixture is melted in clay crucibles in an ordinary cast- 
steel furnace. The softer kinds of welding cast-steel may be obtained by 
the addition of wrought-iron in small pieces to the above mixture, and 
the harder kinds by the addition of charcoal ; the weight of the cast- 
steel obtained, when no addition of wrought-iron is made, is said to 
exceed that of the pig-iron by about 6 per cent. 

The process has been tried in this country, and the principal objec- 
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tion to it seems to have been want of uniformity in the quality of the 
product obtained ; it however appears to have been employed in Sweden, 
and samples of steel so produced were shown in the Swedish department 
of the International Exhibition of 1862. 

Stbbl by Fusion of a Mixture op Cast-Iron and Wrought-Iron. 
— The manufacture of steel by “ reaction,” in which wrought-iron is kept 
for a longer or shorter period immersed in a bath of molten cast-iron, has 
been long understood, and the result obtained appears to be partly due 
to the cementation of malleable iron at the expense of the carbon of 
the cast-iron, and partly to admixture of the two. Reaumur, in his 
treatise entitled ‘L'Art de Convertir le Fer Forg6 en Acier^ (1722), 
says, “Iron is transformed into steel by immersing it for a short time 
in melted cast-iron,” and adds, “This process for manufacturing steel 
is employed in some countries, and has been described by Vannuccio 
Biringuccio (‘l)e la Piroteohnia,’ lib. i. cap. 7, 1540).” Reaumur says 
in addition, that steel may be likewise obtained by fusing wrought-iron 
with cast, and that he had obtained steel in a common forge by thus 
mixing with cast-iron sometimes one-fourth and at others one-third of 
wrought-iron. He also states that cast-iron may be softened by crocus 
Martis, red oxide of iron. In 1798 Clouet states that iron or cast-steel 
may be obtained by melting pig-metal with oxide of iron. 

Hassenfratz describes two furnaces which were used in England as early 
as 1812 for the manufacture of cast-steel by reaction : ^ “The mixtunj 
intended to produce steel is melted in ordinary reverberatory furnaces, 
in the lower part of which a kind of crucible is contrived. The metal, 
placed near the bridge, is heated, melts, and flows into the hearth, 
where it accumulates. The cast-iron becomes covered by slags, not only 
those contained in the iron, but also those formed by the partial fusion 
of the earthy glass that flows from the hearth. If the slag be in sufficient 
quantity, the bath is left at rest so long as the surface appears to bubble 
and carbonic oxide is disengaged and burns in the form of a strong flame. 
"When ebullition ceases, a piece of green wood is introduced into the 
bath, and the liquid metal is stirred below the slag, in order to facilitate 
the separation of those scorias which remain in the cast-iron and adhere 
to the metal. 

“ At the moment the fining of the pig-iron commences, the principal 
workman introduces a small ladle into the bath and removes a little of the 
cast-iron from below the slags. He casts this into a test-ingot and tries 
it at the forge. He continues to take assays until what is taken out can 
be foiged. Then he examines the grain of his steel ; if it be too soft, he 
throws bars of over-cemented steel into the bath, to supply carbon without 
changing the mode of fining ; if it be too hard, he throws into it clippings 
of wrought-iron, and sometimes even old iron, to dilute the carbon by 
increased volume, or to bum it partially ; then he removes the scoriae 

Hasgenfratz : * Siderotechnie,’ vol, iv. pp. 93-98. 1812. 
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and pours into the mould the cast-steel, which is immediately forged into 
a commercial product.” 

OhiLchow's Steel Process. — By this process white charcoal pig-iron 
of good quality is re-melted in a cupola-furnace and tapped into a large 
crucible, previously heated to bright redness, containing malleable iron 
or steel scrap, together with magnetic iron ore, titaniferous black sand 
and clay ; arsenious oxide and nitre are subsequently added. In some 
cases addition is made of magnetite and arsenious oxide only. After 
receiving the charge of molten pig-iron, the crucible is heated until its 
contents have become perfectly liquid, when the nitre and arsenious oxide 
are added, and the whole is well stirred. 

The steel is cast in vertical cast-iron moulds, and, when sufficiently 
cold, is drawn out under tilt-hammers. The proportion in which the 
ingredients are mixed must manifestly exert an essential influence on the 
quality of the product obtained. 

The following analyses of Obuchow’s common steerare by Chodnew : — 

n ) grapiiitic . 0*15 ) 

\ combined . 1*02 J 

Si . . . 0*04 

Be . . . 98*79 

100*00 

This steel is said to be principally employed in the manufacture of guns, 
camion, &c. 

Price and Xichol8on\^ Process. — A patent was granted in 1855 to 
David Simpson Price and Edward Chambers Nicholson for a method of 
manufacturing cast-steel by melting together malleable iron and refined 
metal — that is, pig-iron freed from the chief portion of its silicon ; the 
relative proportions of cast- and wrought-iron are to be adjusted in 
accordance with the nature of the cast-steel it is desired to produce. 
Shortly afterwards Mr. Gentle Brown obtained a patent for the manu- 
facture of cast-steel by fusing bar-iron with good charcoal pig. A patent 
was granted in 1862 to Charles Attwood for producing the same result 
by similar means. 

Opm~lIearth or Siemens- Martin Princess. — The production in the 
reverberatory furnace of cast-steel by the solution of malleable scrap in 
molten pig-iron, in accordance with the method proposed by Price and 
Nicholson, Brown, and others, has been brought to a considerable degree 
of perfection by the use of the Siemens regenerative gas furnace. The 
first experinieiits carried out on a working scale were made by M. Martin 
at Sireuil, near Paris, in 1865 ; but the practical success of the process 
appears to have been mainly due to the adoption of the gas furnace of 
the Messrs. Siemens. 

The furnace, which is generally similar to that shown in figs. 25, 26, 
27, pp. 104, 105, has only a single door, which is in the middle of one 
of its longer sides, while on the opposite one, and at the lowest part 


1*25 

trace 

98*75 

100*00 
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of the hearth, is a tapping-hole and a channel, through which the 
metal is conducted for casting; the horizontal section is a rectangle 
with the comers removed. The hearth is composed of refractory 
sand, supported on an iron bottom kept cool by a current of air, and is 
repaired after each operation by ramming fresh sand into any holes 
which may have been produced. On the casting-side of the furnace 
an iron tramway with waggons, or a revolving platform, brings the 
ingot-moulds successively under the tap-hole until the casting is finished. 
Alongside the melting -furnace is an ordinary reverberatory furnace 
with a flat hearth, in which the pig-iron and packets of scrap added 
during the operation are heated to redness. At Sireuil the pig-iron 
employed was principally obtained from the Idast-fumaces of St. Louis, 
near Marseilles, and from Ria, near Prades; the charge was from 1,500 
to 2,000 kilos. (3,300 to 4,400 lbs.) ; but in the large modern furnaces 
charges up to 20 tons are currently worked. The furnace, after being 
heated to whiteness by gas passing through a Siemens regenerator, is 
first charged with a certain weight of pig-iron, which, to prevent chilling 
the furnace, is previously heated to redness in the auxiliary furnace 
before mentioned. When the pig-iron has become melted and the bath 
is very hot, wrought-iron is added in quantities of from 10 to 20 kilos, 
at a time. Additions of red-hot iron are made at intervals of from 
twenty to thirty minutes, each addition being followed by a vigorous 
stirring, in order that the wrought-iron may be more readily dissolved and 
more thoroughly disseminated in the bath. 

With a neutral flame a bath of No. I. grey-iron will dissolve 10 times 
its weight of Bessemer steel scrap, containing 0*3-0 *4 per cent, of carbon; 
but No. III. metal will not take more than three or four times its weight 
of puddled iron, and if the flame is oxidizing, considerably less. 

When the assays taken show that the metal has been sufficiently fined, 
pig-iron heated to redness is charged in place of wrought-iron or iron ore, 
and, after the whole has been thoroughly stirred, another sample is taken, 
which determines, approximately, the further amount of pig-iron to be 
added. After two or three successive additions have been thus made, 
samples are withdrawn every half-hour until rnetal of the proper quality 
is obtained, when the charge is tapped into ingot-moulds. 

Each operation occupies from nine to eleven hours, with 5 to 6-ton 
charges. 

The loss when melting Bessemer scrap with No. III. hsematite pig is 
from 4 to 5 per cent, of the total weight charged. The coal consumed is 
from 13 to 14 cwts. per ton of ingots. 

Newer Forma of Open-Hearth Furnaces , — Since the original intro- 
duction of the Siemens process many modifications have lieen made, both 
in the size and shape of the furnace, for the diflereiit purposes of 
accelerating the operation, increasing production, and facilitating repairs. 
For a long time the furnace was somewhat of the character represented in 
ofi Arp • ftuhseauently the air- and gas-passages were made longer and 
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narrower, and the mouth of the former was placed at a higher level than 
the latter, so as to promote combustion by the rapid intermixture of the 
two currents, the specifically lighter gas rising through the denser air 
above it. The regenerators have also been protected by the introduction 
of semicircular arched roofs instead of the flattened segmental form at 
first employed. 

Another modification is the Pernot rotating furnace, introduced at 
St. diamond, France, in 1874, reprcbented in transverse section in fig. 
112. This has a circular bed in a casing of cast-iron plates built up 
like a cask, hooped with wrought-iron, and mounted upon an axis 
inclined about 6“ from the vertical, by which it may be rotated by 
appropriate mechanism. The whole arrangement is mounted upon 
heels running upon rails, so that it may be ithdrawn for repairs as 
shown in dotted outline on the left side of fig. 112. When m working 



Fig 112.— Pemot’s Open-Hearth Furnace , transverse section. 


position, the carriage with the hearth stands upon the top of the 
logenerator, and under the arch of the furnace. When at work, the bed 
makes from two to four rotations per minute ; the pig-iron and scrap are 
lieated to redness before charging, and as the jxisition of the pieces is 
continuously changing from full exposui-e to tlie flame to immersion in 
the liquid bath, the fusion is very rapid. The bottom of the hearth 
being also exposed to the flames at short intervals, is kept at a strong 
heat, so that chilling or sticking of the charge to the bottom is pre- 
vented. The diameter of the hearth is about 7 feet in an 8-ton furnace, 
and 13 J to 15 feet m those for 20 and 25 ton charges. 

As an example of the working of this furnace, the details of the pro- 
gress of the operation of melting a 20-ton charge are given on the next 
page. 
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... 


0-35 


5 

10 j 

11 

^ 1 

131 

... 



The coal used was at the rate of about 6J cwts. per ton of ingots 
made, the loss on the materials being from 5 to 7 per cent., according to 
the temper of the metal, being the largest for the mildest qualities. The 
saving of fuel is about one-half that required by the fixed-hearth fur- 
nace. The original plan of building the furnaces immediately above the 
regenerators has been departed from in many cases. At Gratz in Styria 
the furnaces are built upon brick piers, whose height is determined by 
the requirements of the casting-ladle, while the regenerators are in vaults 
below the ground. A further development of this principle of construc- 
tion is seen in Batho^s furnace, where all the parts are independent and 
accessible for repairs. This furnace, like Pernot’s, is circular in plan, 
but the bed is fixed, and carried upon a fmmework of iron girders at 
such a height above the ground as to give a large sj)aco for ventilation. 
The regenerators, also of circular form, are cased with iron plates, and 
resemble Cowper’s stoves. They are placed at the corners of a rectangle 
with the hearth between them; the gas and air-tubes are square, and 
cased with iron. This funiace, introduced in at the workh of the 
Steel Company of Scotland, is in use for chargoh varying from 3 to 15 
tons. In the largest, the hearth is 13 feet and the regenerators 6i feet 
in diameter ; the latter being 1 2 feet high. 

Mr. Frederick Siemens has lately modified the original open-hearth 
furnace by substituting a cylindrical or domed roof for the flattened form, 
depressed in the middle, previously in general use. In the latter con- 
struction the flames are directed by the use of sharply inclined ports upon 
the centre of the hearth, so as to communicate heat to the charge by con- 
tact ; while in the fonner, the raised roof and horizontal jiorts give an 
enlarged chamber above the bed, in which the gas bums out of direct 
contact with either the roof above or the charge below, the work being 
done by radiation from the freely developed flame. Furnaces wliose 
roofs have been altered to this fonn are said to work with a considerable 
saving of fuel, and the roof, being protected from the cutting influence of 
the flames, is more durable. 

Bogie Open-Hearth Process.-— The Thomas and Gilchrist process of 
dephosphorization has also been successfully applied to the manufacture 
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of steel in the open-hearth furnace, a bed of shrunk dolomite or magnesia 
being substituted for that of ganister used in the Siemens process. Figs. 
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(iillot ^ at Famley, near Leeds. The iron bottom-plates, A, and bridge- 
plates, B, are arranged in the usual way above the regenerators, while the 
superstructure of siliceous brickwork is carried on brackets, C, bolted 
to the side-plates of the furnace. This prevents irregular settlement in 
the event of the bars in the hearth shrinking or becoming fluxed. The 
tap-hole and spout for the finished steel are in front of the furnace at I), on 
the centre line of the bed, while the two slag-holes, E, together witli the 
cliarging doors, are placed near the bridges at a higher level on the oppo- 
site side. The bottom, G, is made of shrunk dolomite and tar mixture 
rammed with red-hot rammers, the passages for the tap-holes being 
preserved by wooden plugs. The parts market! H are built with dolomite 
bricks grouted with the same mixture iis is used for ramming. Two 
isolating courses, I and K, supported upon brackets extending round 
the sides and ends of the furnace, keep the basic i>art of tln^ bed out 
of contact with the siliceous brickwork of the roof and gas-])assagos ; the 
lower one, I, is of magnesia, the upper one, K, of bauxite bricks.^ The 
shape of the hearth is finished witli lime rammed above the brickwork. 
The gas- and air-ports, instead of being included in the boily of the 
furnace, are enclosed in sejiarate casings outside the hearth, so that 
they may be changed and the inl(‘ts repaired without cooling the fur- 
nace. This arrangement of ga«- and air-ports, by which the t^o currents 
are introduced at different levels instead of Mde by side, is due to 
^Messrs. Hackney Wailes. The furnace, wlien newly built and fired, 
will be sufficiently hot in seventy-two hours for forming tlie bottom, 
for 'which purpose a full melting heat is necessary. Well-burnt and 
partly ground dolomite mixed with at most 10 jier cent, of ground fire- 
brick is added, so as just to frit the lining and bind the lay(*r fonning 
the bottom. The wooden tap-hole jdugs are burnt out and the juussagea 
stopped by dry lime alone, or with lime mixed with coke-ilust. The 
operation can then be commenced by laying upon the bottom a (juantity 
of rjuicklime, from 5 to 10 per cent, of the weight of the pig-iron, which is 
tlien charged upon it, and the wrought-iron or steel scrap over both, all 
cold. The whole charge should be introduced at once, and f(*eding after- 
wards as much as possible avoided. In three or four hours, when the pig 
has melted and the charge somewhat sunk, the slag, which is gonenilly 
fluid and siliceous, should be removed, in order to jirotect the sides of 
tlie hearth from undue corrosion. In from three and a half to six hours, 
according to the proportion between the pig and scrap used, the whole 
charge will be melted, when more slag can be taken ofl’ or lime added if 
it is too fluid. When the proportion of pig is high, iron ore may be 
added with the lime. When the boiling has ceased and the fluid metal 
has been well stirred, it is sampled and tested as in the basic-converter 

* * Proceedings of the Institution of Civil Engineers,^ vol. Ixxvii. p. 207. 

^ At the Alexandrowsky Works, St. Petersburg, an iHolatinglaver 6 inches thick 
of chromic iron ore mixed with tar was interposed between the siliceous bricks aud 
the basic hearth. 



IRON. 


363 

process. And when the result is fotind satisfactpry, tiie slag is again 
removed ; but it is now too pasty to run, and must be raked off through 
the centre charging-door, which is inches lower than the end ones. 
About 5 per cent, of haematite pig-iron is then charged on to the bridges, 
which, when melted, runs down into the bath, causing a violent boiling 
for about fifteen minutes. The furnace is then allowed to rest for a 
quarter or half an hour, and any slag more than is necessary to protect 
the metal in the ladle is removed, and the bath is then ready for the 
addition of spiegel or ferro-manganese and tapping. This addition is 
preferably made in the furnace rather than in the ladle, as the action 
is very violent, and a more uniform mixture is secured. The slag 
remaining in the furnace after casting is raked out at once, and the tap- 
hole is cleared from the opposite door. The bottom and sides of the 
furnace basin are then repaired with finely ground calcined dolomite, and 
gas is turned on to bring it to a state of semi-fusion, which requires 
from one to three hours, and the furnace is then ready for the next 
charge. 

The process above described is adapted for treating best Yorkshire 
cold-blast pig-iron, containing silicon 1245 per cent, and phosphorus 
()‘601 per cent. ; the scrap iron averages 0*2 per cent, of phosphorus, 
which is reduced in the finished ingots to between 0*055 and 0*097 per 
cent. The following are the details of one operation : — 

Charged 6. 80 a. m. Famley No. 3 pig . • . 28 cwts. 

Steel scrap . . . • ,, 

,, 2.45 p.m. Haematite No. 3 pig . . 2 m 

,, 3.10 „ Spiegel, 18 per cent. Mn. . IJ ,, 

,, 3*25 „ Ferro-manganese, 53 per cent. Mn. J cwt. 5 lbs. 

40i cvrts, 5 lbs. 

At 10.30 A,M. 4i cwts. Somorrostro ore and If cwts. of burnt lime 
'Were added ; 2 cwts. of slag run off at 2.20 p.m., and cwi;. after 
samjding. The ca.st at 3,28 p.m. gave one 15-inch and one 12-inch 
square ingot, which, after liamnieriiig, were rolled into plates. 

The average yield of ingots is about 93 per cent, on the total weight 
of pig-metal, 4 H*rap, and ferro-manganese charged. The dolomite used in 
repairs is about 9 cwts, per ton of ingots. The addition of lime during 
the melting is very destructive to the gas and air ports, as small quantities 
are carried over by the draught and flux the siliceous brickwork, forming 
a slag which, dropping on to the bridge-plates, causes a further fluxing of 
the lime. The ports usually require repairs after from eighteen to twenty- 
one days’ work, and the regenerators require to be cleaned from the deposit 
caused by the brown smoke in the later stages of the process, after sixty 
or seventy casts have been made. The quality of steel produced being 
very soft, 0*12 to 0*24 carbon, the heat is near the limit of endurance 
of ganister bricks, and, but for their great cost, magnesia bricks would 
probably be preferable for facing the gas-ports. 
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Magnesia for converter- and furnace-lining may be obtained by cal- 
cining magnesite or native carbonate of magnesium, which is, however, 
a somewhat rare mineral, and apt to contain silica, or from dolomite by 
the removal of the lime. For this latter purpose the mixed lime and 
magnesia obtained by calcining dolomite nmy be treated according to 
Scheibler*s method by sugar in the form of molasses or syrup, which 
gives a saccharate of lime soluble in water, and hydrated magnesia. The 
latter being insoluble, precipitates, and can bo separated by a filter-press. 
The saccharate of lime is then decomposed by passing carbonic acid 
through the filtered solution, which precipitates carbonate of calcium, 
leaving the sugar in a condition to be used over again. The magnesia ob- 
tained by this method at Horde contained only about 2 jht cent, of lime 
and 1 *0 per cent of silica. It was plastic and could 1)0 easily moulded. 

Closson’s method was intended for use with the waste liquor of tlio 
Stassfurt Potash-Works, which contains about 15 per cent of MgCL. 
When this is heated with burnt dolomite, chloride of calcium and mag- 
nesia are formed, thus — 

MgCb + CaOMgO = CaCl,> + 2MgO. 

The operation is effected by agitating the magnesium chloride liquor 
with the burnt dolomite diffused as a “ milk ” through water in a tub 
with rotatory stirrers. The decomposition takes place rajiidly, and when 
completed the contents of the tub are put through a filter-press. The 
calcium chloride runs out, leaving hydrate of magnesium in the filter, 
which when washed with water is practically pure. The liquors at 
Horde, where the process was tried, were further utilized by mixing them 
with a fresh portion of burnt dolomite in water, and passing blast-furnace 
gas through the mixture, which was kept well stirred to promote contact 
between the gas and the Ih^uid. Carbonate of calcium is precipitated by 
the carbonic acid in the gas, which is thereby improved for heating 
purposes, while magnesium chloride is re-formed, thus — 

CaCh + MgOCaO ^ 2COj = MgCh + 2 CaC 03 . 

The liquor containing the chloride of magnesium is drawn off, filtered, 
and used again. The mud and calcium carbonate separated are thrown 
away, and the loss of magnesium chloride is from 5 to 6 per cent. 

On the French coast of the Mediterranean, at Aigues-Mortes, Clos- 
8on*s process is applied to the recovery of magnesia from sea-water, which 
contains magnesium chloride and sulphate to the amount of 4 lbs. per 
cubic yard. The sea-water is pumped into a tank lined with masonry, 
and milk of lime in the proportion of 1*5 units of lime per unit of 
magnesia is run in simultaneously. The mixture is made by mechanical 
. stirring in two similar tanks, and is filtered into shallow pans 16 feet 
wide and 1,000 feet long, with beds of clean beach-sand. The precijii- 
tate is allowed to dry in the sun, which requires from twenty to thirty 
days in summer, but in winter artificial heat is necessary, and when 



IRON. 365 

dried the hydrated magnesia is calcined and made into bricks with tar in 
the usual way. 

Compressed Steel . — In casting steel in large masses, whether from 
crucibles, Bessemer converters, or open-hearth furnaces, it is often difficult 
to obtain sound ingots, especially when the metal is of a very mild 
temper, the upper part being spongy from included hollow spaces, and 
sometimes perfectly honeycombed by the arrangement of these holes in 
lines perpendicular to the surfaces of the mould. This effect has been 
attributed either to the escape of carbonic oxide formed by the reaction 
of carbon in spiegeleisen upon oxidized iron when the final tempering is 
effected, or to the escape during solidification of hydrogen previously 
absorbed by the molten metal. Although neither of these views has been 
fully established by experiment, it is certain that iron and steel wdien 
solidified retain a considerable quantity of gas, which may be extracted 
by heating the metal in vacuo, and consists principally of hydrogen (65 
to 90 per cent.), and nitrogen (30 to 10 per cent.), with at most 2| 
per cent, of carbonic oxide. 

The consolidation of ingots intended for rolling or forging has been 
effected by subjecting the metal while in the mould to hydrostatic or 
gaseous pressure until it sets, whereby the escape of dissolved gas is pre- 
vented, and also by stirring, and transferring from one ladle to another 
to give facility for such gas to escape. The first method is applied 
on the largest scale by Sir Joseph ^Vhitworth in the production of so- 
called compressed steel, which is subjected while melted to a pressure 
varying from 6 to 20 tons per .square inch, the press used being capable of 
exerting a strain of 10,000 tons. The ingot-moulds are heavily hooped 
%vith steel, and lined internally with fire-brick. The ingots are said to be 
about 12^ per cent, shorter than those cast in open moulds, but the 
density of the metal is only increased by about '^^^^ths per cent (from 7 "85 
to 7*88 at 15" C.) Other methods of applying pressure are those of 
Captain Jones of Pittsburg, using steam, and Baron Krupp, using liquid 
carbonic acid. In the former, the mould is clamped firmly to its base, 
and a conical seat is turned on the neck, which, when the metal is 
poured, is covered by a closed lid wedged down, so as to form a steam- 
tight joint The top of the lid communicates by a flexible pipe with a 
drum supplying steam at a pressure of from 80 to 150 lbs. per square 
inch, which is allowed to act until the metal has set. This plan is said to 
have given good results, but is believed to be no longer in use. 

In Krupp’s method liquefied carbonic acid, which is now made com- 
mercially on a large scale, is used instead of steam. The bottle con- 
taining the liquid acid communicates with the upper part of the mould 
by a pipe of small bore. The mould is hooped with steel ; the cover is 
secured b}' bolts and wedges, and an expanding copper ring forms a gas- 
tight joint. The cover is bored through to allow the introduction of the 
liquid metal, and the passage can be closed by a sliding wedga When 
the mould is filled, the surface of the metal is covered with sand, slag, or 
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other badly oonducting material ; the feedingJiole is closed, and the gas 
supply -pipe opened. The pressure exerted depends upon the tem- 
perature to which the liquid acid is exposed. This is regulated by 
immersing the bottle in a cistern of water, which can be heated when 
necessary. 

Of the methods for producing -^homogeneity in the molten metal by 
agitation, that of Mr. Allen is the most noticeable. This consists of an 
apparatus resembling a ship’s screw-propeller, covered with refractory 
material, which is attached to a strap capable of being revolved by appro- 
priate gearing, which is lowered into the metal in the ladle, and turned 
rapidly for a few minutes before casting. This was introduced at Sheffield 
in 1881, but has not been much used elsewhere. Another plan intro- 
duced by Mr. James Riley in 1884, that of transferring the metal from 
the receiving-ladle to a second or casting-ladle, has been found to be 
extremely beneficial in promoting uniformity of composition in large 
charges. 

A method of combining the Bessemer and open-hearth processes 
practised at Neuberg in Styria may be here noticed. The converter- 
charge of manganiferous grey pig -metal, after blowing for nineteen 
minutes, when the carbon is reduced 010 per cent., is poured into a 
ladle and transferred to an open-hearth melting-furnace, previously well 
heated, where it lies for three or four hours, being kept on the boil during 
the whole time. Two or three additions are made of steel and iron scrap, 
to the extent of about 5 per cent in all, and, finally, about 5 or 6 per cent, 
of ferro-manganese is added before casting. Tlie steel so treated is said 
to be of equal value with crucible steel for almost all purposes. Steel is 
now very largely used for making wheels and other parts of locomotives, 
w^hich are cast to pattern in the same way as those of cast-iron ; and 
even such large irregularly shaped objects as the stems and stern-frames 
of steamers are similarly produced. In these cases the castings are 
rendered sound by the addition of ferro-silicon or silico-ferro-manganese, 
a process known as steel-casting without blow-holes, which was originally 
introduced at Terre-Noire in France. Special precautions are also required 
in moulding ; the surface of the mould must bo very refractory and 
highly polished, while possessing a certain permeability to gases. At 
Gratz in Styria, rails and castings of parts of locomotives are sometimes 
made from the same charge of open-hearth steel. In such cases the 
rail-ingots are poured first, and the metal remaining in the ladle is 
tempered with ferro-silicon for the pattern castings. The amount of 
silicon necessary for the latter purpose is 35 lbs. per 5J-ton charge, which 
is added in the form of 350 lbs. of 10 per cent, ferro-silicon, previously 
melted in a crucible and poured into the ladle. The average compo- 
sition of the casting is 

Carbon, 0*4-0'5; silicon, 0'3-0'4; manganese, 0'45-0‘6; phosphorus, 0 06-0*09. 

The tensile strength is about 38 tons per square inch, with 10 to 14 
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per cent, elonj^ation, and 20 to 40 per cent, contraction on fracture ; such 
castings must be annealed before they can be used. 

The action of silicon in consolidating steel castings is not well under- 
stood. Pourcel considers it due to the reduction of oxide of iron in the 
metal with the production of silica, which combines with iron or man- 
ganese oxides to form a slag without giving oif any gas; while, on 
the other hand, when a carburized tempering material, such as spie- 
geleisen, is used, the reduction of the oxide of iron being elFected by 
carbon, carbonic oxide is evolved, and may be entangled in the casting, 
rendering it unsound. Muller considers the effect to be mainly physical ; 
the silicon, by reducing the solvent power of the metal for hydrogen, 
promotes the separation of that gas while it is still liquid. 

Manipulation of Steel Ingots , — When the ingots have solidified in the 
casting-pit, they are stripped by removing the moulds by the ingot-crane, 
which in most cases is readily done, as the ingots are broader below than 
above. When, however, the mould cannot be detached, it is lifted with 
the enclosed ingot and placed upon the framing of a hydraulic press or 
hammer adjoining the pit, where the “ sticker ” is forced out by the ram 
acting from above. Formerly ingots were invariably hammered before 
being passed through the rolling-mill, but the practice is now generally 
given up, except for the very heaviest forgings, and even with these the 
hydraulic forging-press (see p. 309) is coming gradually into use, and 
will probably supersede the hammer. For working the ingots, they 
must be brought to a full orange-red heat, which is usually done in a 
re-heating furnace of the Si(*mens, Bicheroux, or some analogous form. 
These are made of considerable length, with the head sloping from tlie 
flue end towards the fire-bridge at about 1 in 9 or 10, so that the ingot 
introduced at the upper or colder end may be gradually rolled downwards 
until raised to the required heat, which requires about three hours. 
If intended for rails, it is then passed through the cogging-mill and 
reduced to a parallel-bided bloom, which when re-heated is rolled to the 
proper section at one oj)eration in the rail-mill. The rails are sawn to 
the proper length, giving a short piece or crop from either end. These 
are in some cases sold for wire-drawing or other uses, but more gene- 
rally they are re-inelted in the open-hearth furnace ; in any case, they 
are a source of waste and loss in the manufacture. It is, therefore, 
customary in rail-making to diminish the proportion of crop-ends by 
using heavy ingots, w^hich allow several lengths of rail to be cut from 
a single rolled bjir. Thus at Eston four 30-feet rails of the heaviest 
section are made from a single ingot of 35 cwts. with only one pair of 
crop-ends. At Workington a three-rail ingot is passed nine times 
through the cogging-mill and thirteen times through the rail-mill to 
produce the finished section. 

Ojera^ Soaking-Pit , — An important economy has been realized in the 
rolling of steel ingots by utilizing the heat given out by the metal on soli- 
dification for the purpose of bringing it to the proper temperature for 
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cogging and rolling without the use of the re»heating furnace. This is 
done by the so-called soaking-pit, introduced in 1882 by Mr. John Gjers, 
which consists of a square pit or cell, a little wider than the base of the 
ingot and somewhat deeper than its length, having an inner lining of fire- 
brick 9 inches thick. The ingot when stripped from the mould is removed 
by the crane as soon as it can be handled with safety, but before the metal 
has completely solidified throughout, and placed in the pit and closely 
covered. The heat given out by the ingot, which under ordinary circum- 
stances is dissipated in the atmosphere, is absorbed and stored up by 
the brickwork ; and supposing the latter to be cold, the heat of two 
ingots will be sufficient to warm it up sufficiently to bring subsequent 
ingots to a uniform heat for rolling in about an hour. When the brickwork 
becomes overheated, it may be cooled by dropping in a lump of bitumi- 
nous coal, when the surplus heat is absorbed in the gasification of the 
volatile contents. 

The soaking-pits are usually arranged in groups of six in any con- 
venient position between the casting-pit and the rolling-milL Their 
application is illustrated in figs. 115, 116, which represent the arrange- 
ments adopted at the Blochaim Works of the Steel Company of Scot- 
land, where open-hearth steel is made on a very large scale for shij> 
building purposes. The melting-furnaces, twelve in number, are arranged 
in a row, having a line of railway parallel to tliem, upon which a loco- 
motive draws a carriage, a, fig. 116, conveying a ladle for the steel and 
a mould for the slag. About the middle of the row of furnaces is a 20- 
ton hydraulic lift, 6, which raises the ladle until a pair of horns on each 
side of the pouring-lip come in contact with brackets, which are so 
placed that it is kept in the same horizontal plane until the Mdiole 
contents are poured into the second or casting-ladle, c, which is attached 
to a central crane like that of a Bessemer pit, but which has no lifting 
motion. The charge when transferred is brought over the moulds in 
the casting-pit, and cast in the usual way. This method of transfer 
is found to be beneficial in mixing the contents of the charge, and pro- 
duces great uniformity in the ingots, while the time of casting is about 
fifteen minutes less than by the old method. The pit is 40 feet in 
diameter and 3 feet deep. It has three ingot-cranes, c, with lifting 
powers of 2 and 3 tons, which may be used separately or combined. 
Between the cranes are two sets of soaking-pits, /, each with six cells, 
varying in capacity for ingots from 30 cwts. to 3 tons each. Two of the 
three cranes lift the ingots from the moulds and deposit them in the 
soaking-pit, while the third or central crane lifts them when soaked or 
re-hea^ and places them on a tipping-carriage, f/, at the end of the 
feed-rollers of the cogging-mill. This carriage is M^orked by a hydraulic 
engine, so that the ingot is deposited without shock on the feed-rollers 
of the mill 

The cogging-mill, h, has hollow steel rolls, with 32-inch centres and 
edging-grooves oae^ch side. The top roll is balanced by hydraulic presses 
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placed under the hed-plate, and has a lift of 14 inches The setting 
screws for the rolls are worked by screw and worm wheels driven by a 
Willans steam engine The ingot is turned from flat to edge, or mce 
versd, when on the feed-rolls, by arms put in motion by hydraulic engines 
placed below them. 



The mill is managed by one man and two boys, one of whom attends 
to the setting and the other to the turning- and feeding gear The mill 
engine, ;, has two 36-iiich cylinders, 4 feet stroke, and is geared in the 
proportion of 2f to 1. The rolls make 28 revolutions or 180 feet circum- 
feiential speed per minute. The ingots remain about twenty minutes in 


Fig 116 —Casting Pit and Cogging Mill plan 
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the mould after casting, when they ere 8tripj>od and ii^sferred to the 
soaking-pit, where they remain about 55 minutes, being then passed 
through the cogging-mill and reduced to section, whicli o|)eration, to- 
gether with the subsequent shearing to the sj>ecified weight, requires 
about five minutes. The hydraulic guillotine shearing-machine, Ac, having 
a working pressure of 1,000 tons, and cajwblc of shearing slabs 2 feet 
broad and 8 inches thick, is placed behind the mill, and has feed-rollers, 
which pass the sheared slab on to the bogie, /, whence it is carried, on 
rails, to the re-heating furnace of the plaU'-mill. 

J/anu/ar/ure of CompifUtid Plates. — Armour-plates having a steel face 
u/»on a wrought-iroii backing are made by running molten 8U*el upon 
malleable iron plates. For this pur|K)se a face-plate of steel containing 
about 0*5 per cent. carlK>n is attached by stt‘el screws to soft iron {dates, 
so as to leave a s{)ace between them to receive the liquid steeL The 
mould so prepared is heated to redness, and placed on edge in a inould- 
ing-box sunk in a casting-pit, the wrought-iron backing being in contact 
with one side of the box, while on the steel side a layer of sand is inter- 
posed ; the spaces at the ends are also rammed with sand. When the 
mould is ready, open-hearth or Bessemer steel is run, as hot as possible, 
from the ladle into a trough with several feeding-holes discharging into 
the space between the plates. Owing to the very high temperature of the 
liquid steel, the surface of the iron plate is sufficiently softened to effect 
complete union between the two metals. The compound slabs, when 
sufficiently cooled, are removed to tlie rolling-mill and finished to the 
proper size, the screws and pieces of steel forming the sides being 
removed in the final shearing. The proportions adopted for the slab of 
a compound jdate 8 inches thick when fiiiibhed, are 12 inches for the 
wrought-iron foundation, 2 inches for the steel face-plate, and a space of 
5 or 6 inches for the liquid steel ; about one-third steel to two-thirds 
iron. 

Partial Decarburization of Cast-Iron by Cementation.— The fact 
that articles of castriron become softened if imbe<lded in ferric oxide, and 
maintained for a considerable time at a high temperature, was published 
by Reaumur so long ago as 1722. The invention of this process is, 
however, generally ascribed to Mr. Samuel Lucas, to whom a patent 
was granted in 1804 for a method of softening cast-iron by cementation 
with “ ironstone ore, or some of the metallic oxides, lime, or any com- 
bination of these.” The castings to be softened are packed in cast-iron 
crucibles, containing finely powdered red bsematite, and arranged in 
rows one above another in a furnace somewhat resembling the ordinary 
cementation chamber. When the furnace has been cliarged, all the 
0 {)ening 8 are carefully closed and the fire is lighted, the temperature being 
gradually raised so as to reach a red heat in about twenty-four hours ; 
the firing is subsequently continued during from three to five days, 
according to the thickness of the layer of malleable metal required. 

When withdrawn from the furnace, articles which liave been subjected 
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to this treatment present the appearance of ordinaiy malleable iron, but 
are lighter in colour; their fractured surfaces are white and finely granular, 
and occasionally present a silky appearance not unlike that exhibited by 
soft steel. When the thickness of the object is at all considerable, a 
kernel of unchanged cast-iron is frequently left in the centre ; this may 
sometimes be broken by bending without occasioning the rupture of the 
external skin of malleable iron. 

It is essential for the success of this process that the metal used for 
the castings should be as free as possible from silicon, and not contain 
much manganese. 

The principal application of this process is to small articles of hard- 
ware, such as keys, buckles, gun-furniture, stirrups, bits, Jcc. The 
stratum of malleable metal thus obtained on the surface of cast-iron 
may be externally converted into steel by a process of case-hardening, so 
that the same object may, at different depths, be successively composed of 
cast-iron, wrought-iron, and steel ; cheap articles of cutlery, prepared in 
this way, are known in the trade as runrsteel goods. 

In the modification known as the Siemens ore- process, as dis- 
tinguished from the scrap or Martin process, the bath of pig-iron is 
decarburized by the addition of haematite in lumps, which causes a violent 
boiling. When the metal is nearly of the right temper, it is allowed to 
rest, so that the slag may separate, and a little limestone is added to 
recover some of the iron. From 20 to 24 cwts. of ore are used in a 
5-ton charge, about one-half of it being reduced and recovered in the 
ingots. About 1 per cent, more spiegel and 1 cwt. per ton more coal are 
required than in the scrap process. Usually the two methods are com- 
bined, the ore being mainly used for tempering tlie steel if too hard. 

A process intended for the production of small articles that have 
been hitherto made as malleable castings has been recently introduced 
from Sweden by Mr. T. Nordenfeldt. The material, called mitis-metal, 
which is essentially wrought-iron, is melted in crucibles, the very high 
temperature required being obtained by the combustion of petroleum- 
vapour in specially constructed furnaces, and the requisite fluidity is 
obtained by the addition of a small quantity of aluminium before 
pouring. The appearance of large objects made by this process when 
fractured, is very similar to that of steel castings made with an addition 
of silicon. 

Hardening and Tempering Steel. — All varieties of wrought-iron 
containing above 0*25 per cent, of carbon possess the property of becom- 
ing hardened by sudden cooling from a high temperature. Steel thus 
treated is found to possess a lower specific gravity than before hardening, 
but on being again heated, and allowed to cool gradually, its original 
density, softness, and malleability are restored. 

In manufacturing objects of steel, the metal is filed or turned into the 
required form when in a soft state, and is subsequently hardened by 
being strongly heated and rapidly cooled. 
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In doing this, however, it is difficult to arrive directly at the exact 
degree of hardness best fitted for the purpose to which the instrument 
is to be applied, and it is therefore customary to give to the metul in the 
first instance a considerable degree of hardness, and afterwards to soften 
it by an operation called “ tempering.” In this the workman is guidetl 
by the various colours assumed by the surface of the metal during the 
progress of the operation, and when the proper colour makes its appear- 
ance, the object is suddenly cooled. Those tints, some of which are 
extremely brilliant, are probably occasioned by films of oxide coirespond- 
ing with considerable exactitude to the degree of heat to wdiich the 
metal is exposed, and they consequently serve as a tolenibly accumte 
guide in determining the hardness which the object will acquire on 
being cooled. 

The following colours appear in succession on the surface of a plate 
of steel when exj)Osed to a progressive heat. A piece of polished and 
hardened steel, subsequently heated to 220“ C., has a faint yellow colour, 
and is well suited for lancets and other instruments reipiiring an extremely 
fine edge. When tempered at 230“, a faint straw-colour tint is obtained, 
wliich is well adapted for razors and surgeons’ amputating knives. Steel 
seasoned at 243“ is of a full yellow colour ; this is tougher tlian the 
above, and is the tint to which penknives are usually tempered. At 2r)5“ 
it acquires a brownish-yellow tint, which is the colour best fitted for 
chisels and shears for rutting metals. 

Axes and plane-irons are tempered at about 260“, which develops a 
brown shade intermixed with purple spots. For table-knives and cloth- 
shears a temperature of 277“ is employed, which gives a purple colour to 
the metal so treated. For swords and 'watch-springs the metal is cooled 
w’hen of a bright-blue colour ; this tint very nearly corresponds with a 
temperature of 288“. 

At 293“ steel assumes a fine blue colour, and is at tliis stage well 
adapted for small shears and ordinary chisels ; at 316“ it takes a dark- 
blue colour, which is that best fitted for large saws, the teeth of which 
require to be bent by hammering. 

The absolute strength and toughness of steel is much increas(‘d 
when the tempering is effected with oil instead of %vater. The large 
tubes used for ordnance are now generally temjKired in this way. Pointe<l 
steel projectiles for piercing armour plates are cast in metal moulds, and 
hardened at the points by heating to redness and dipping in water until 
they are no longer visibly red, the final cooling being effected in an oil- 
bath containing at least four times as much oil by w’eiglit as the object 
to be immersed. 

Damascening, by which a surface is obtained covered by a variety of 
figures resembling the water-lines on certain kinds of silk, is produced 
by repeatedly drawing out, doubling up, and welding together a bar com- 
posed of a mixture of steel and iron, and subsequently treating with an 
acid. When an article, such as a sword-blade or gun-barrel, made of 
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this mixture is washed with a weak acid, its surface becomes in a greater 
or less degree unequally attacked, as the surface of the iron retains its 
metallic lustre, while that of the steel is left covered with a black firmly 
adherent coating of carbon. This gives rise to the peculiar wavy figures 
which may be observed on the once celebrated sword-blades of Damascus. 

The production of the three principal staples of iron manufacture, 
namely, pig-iron, wrought-iron (chiefly as puddled bars), and steel ingots, 
in the more important iron-making countries of the world, for the years 
1884 and 1885, was as follows : ^ — 


PaoDucrriON of Pig-Ibon, Wbodght-Ibon, and Stekl. 


Countries 

Year. 

Pig-Iron. 

Wrought-iron. 

Steel. 




Statute Tons. 

1 

Statute Tons. 

Statute Tons 

United Kingdom 

■ 1 

1884 

1885 

7,811,727 

7,415,469 

2,237,535 
1,911,125 , 

1,774,926 

1.888,045 

United States . 

■ 1 

1 1884 
1885 

4,097,869 

4,044,526 

1,724,795 ' 
1,597,955 1 

1,550,880 

1,712,274 




Metric Tons. 

Metnc Tons. 

Metric Tons. 

Germany . 


1884 

3,572,155 

1,593,000 

1,138,500 

• 1 

1885 

3,751,775 

1,403,000 ! 

1 1,140,500 

France 


1 1884 

1,855,247 

1,449,064 j 

509,516 

• \ 

1885 

1,628,941 

1,432,500 

527,048 

Belgium . 


1884 

750,812 

471,040 1 

185.916 

* 1 

188.') i 

714,677 I 

454,227 

146,189 

Austria-Hungary 

;1; 

1884 

1885 

796,620 

760,000 

346,534 ' 
355,412 

225,752 

217,690 

Sweden 

' 1884 

430,534 

292,198 , 

74,241 


I 


Analysis of Cast-Iron, Wrought-Iron, and Steel. 

Preparatory to its examination, the metal must bo reduced to a suit- 
able state of division, either by boring, turning, or planing ; in the case 
of white-iron, it may be reduced to a coarse powder in a steel crushing- 
mortar. It is generally considered preferable, in order to obtain an 
average sample of a pig, to bore completely through it, so that a fair 
proportion of the graphite, wliich is occasionally found concentrated 
towards the centre, may be included in tlie borings. The borings obtained 
in this way are, when necessary, further reduced and thoroughly mixed 
by trituration in a Wedgwood or large agate mortar. In the analysis 
of pig-iron the proportions of the following constituents are usually 
determined, namely, carbon, distinguishing the graphitic from that in 
the combined state ; silicon, sulphur, phosphorus and manganese j and 
in certain cases such metals as arsenic, lead, and copper are estimated. 

^ In many cases the figures are approximations only, but are the best that can be 
obtained. 
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The amount of aluminium, magnesium, and calcium is sometimes also 
detennined. 

Sulphur. — About 10 grammes of the borings are slowly dissolved 
in concentrated hydrochloric acid, and the evolved gases may be passed 
through a solution of lead acetate slightly acidified with acetic acid ; the 
sulphuretted hydrogen disengaged precipitates lead as sulphide, which is 
collected on a filter and washed, and subsequently converted into sulphate 
of lead, from the weight of which the percentage of sulphur is calculated. 
Instead of conducting the gases through a solution of lead acetate, they 
may be passed through an ammoiiiacal solution of nitrate of silver ; silver 
sulphide will be precipitated, together with a small quantity of a dark- 
coloured compound resulting from the action of the evolved hydrocarbons 
on the silver salt. The precipitate is separated by filtration and dissolved 
in fuming nitric acid. Hydrochloric acid is added, and the whole eva- 
porated nearly to dryness. The silver chloride is removed by filtra- 
tion, and the .sulphuric acid in the filtrate thrown down by solution of 
barium chloride. 

The contents of the flask, after the metal has been fully acted upon, 
are transferred to a jirocelain basin and evaporated to dryness, the mass 
digested with concentrated hydrochloric acid, and water afterwards 
added. The insoluble residue, consisting of silica and graphite, is 
washed by decantation and collected in a platinum dish ; the decanted 
liquid is reserved for the estimation of manganese, etc. 

Carbon as Graphite. — The mixed silica and graphite are separated 
by the action of a warm solution of pure potash ; the silica is dissolved, 
and the graphite (which remains insoluble) is washed with water, and 
dried by exposure for some time to a temperature of about 120*’ C., after 
"which it is weighed. Upon subsequently burning the graphite in a 
muffle, it usually leaves a small quantity of a reddish ash, w’hich must 
be deducted from the former weight ; this, after fusion with nitre and 
sodium carbonate, may be .separately examined. 

Silicon. — The silica dissolved by pota.sh is recovered in the usual 
manner by evaporation witli hydrochloric acid ; the residue is digested 
with acidulated w^ater, collected on a filter, washed, dried, ignited and 
weighed. The amount of silicon in the iron is calculated from the silica 
obtained. After weighing, the silica may he examined for titanic oxide, 
wliieh may also he present in the filtrate. 

Manganese. — The hydrochloric acid solution, separated from silica 
and graphite, may he divided into two equal portions, one of which, 
representing five grammes of iron, is sufficient for the estimation of 
manganese. The iron in the liquid having been peroxidized by nitric 
acid, the solution must be neutralized by addition of 80 <lium carbonate ; 
sodium acetate is added, and the liquid boiled, when the iron will be 
completely separated as insoluble basic acetate. The filtrate containing 
manganese is rendered alkaline by ammonia, and. after the addition of 
a few drops of bromine, is boiled during from ten to fifteen minutes. 
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The hydrated oxide of manganese, which is thus separated from the 
liquid, is collected, washed, dried, ignited, and weighed as Mn804, which 
furnishes, by calculation, the quantity of manganese present. 

The following rapid indirect method of determining manganese is 
used at Gratz. The nitric acid solution that has served for the Eggertz 
carbon determination is boiled with an addition of peroxide of lead 
(PbOj) and filtered through asbestos, which gives a clear rose-coloured 
solution from the formation of permanganic acid, the amount of which 
may be determined by comparing the tint with that of a permanganate 
solution of known composition, or preferably by a standardized fer- 
rous salt. Red-lead, a mixture of protoxide and peroxide of lead, is 
generally used instead of pure peroxide ; but as the latter is the 
active agent, a larger quantity is necessary, and more nitrate of lead 
is produced. 

Phosphorus. — For the estimation of phosphorus about 5 grammes 
of the borings may bo acted upon with warm nitro-hydrochloric acid in 
a flask with a long neck, and, after complete solution of the metal, the 
contents of the flask are transferred to a porcelain basin, and evaporated 
to dryness ; the residue is moistened with concentrated hydrochloric 
acid and again heated to expel nitric acid. The residue is dissolved in 
liydrochloric acid, the solution diluted, Altered, nearly neutralized with 
carbonate of ammonium, and the iron in solution reduced to protoxide 
by the addition of sodium sulphite to the gently heated liquid ; the sub- 
sequent addition of dilute sulphuric acid expels excess of sulphurous 
anhydride. Sodium aceUte and a few drops of solution of ferric chloride 
are then added, and the liquid boiled ; the phosphoric acid is thus pre- 
cipitated as basic ferric phosphate with some basic acetate. The liquid 
is rapidly filtered with as little exposure to the air as possible, the 
precipitate slightly washed, and dissolved in hydrochloric acid, the solu- 
tion neutralized with ammonium carbonate, and a mixture of ammonia 
and ammonium sulphide added ; it is then gently heated to insure the 
conversion of the phosphate of iron into sulphide. The latter is after- 
wanls removed by filtration, washed with dilute sulphide of am- 
monium, and the phosplioric acid precipitated from the solution in the 
usual manner as ammoiiio-magnesiura phosphate, and weighed as mag- 
nesium pyrophosphate, from th§ w’eight of which the amount of phos- 
phorus is calculated. 

When the amount of phosphorus present is small, the following 
process may be advantageously employed for its determination. Dissolve 
about 5 grammes of the metal to be examined in nitro-hydrochloric acid, 
and evaporate nearly to dryness ; take up again by addition of a few 
drops of nitric acid, dilute with water, filter, add molybdate of ammo- 
nium, and allow it to stand twenty-four hours in a warm place. The 
yellow precipitate which falls is separated by filtration, w’ashed with a 
weak solution of ammonium nitrate, and dissolved in dilute ammonia 
slightly warmed ; the phosphoric acid is re-precipitated by addition of 



376 ELEMENTS OF METALLURGY. 

the usual magnesium solution, and the resulting salt ignited and weighed 
as magnesium pyrophosphate. 

Combined Carbon. — In order to determine the amount of combined 
carbon, 5 grammes of tlie metal may be dissolved in an acid solution of 
cupric chloride, or preferably in a neutral solution of a double chloritie of 
copper and sodium, or of copper and ammonium ; the insoluble residue 
which remains after the complete action of this solvent, is collected and 
washed, and, when dried, submitted to combustion with cupric oxide in 
a current of oxygen; a gas combustion-furnace is most conveniently 
employed for this purpose. The total amount of carbon in the metal is 
calculated from the W'eight of carbonic acid (carbonic anhydride) absorbed 
by solution of potash in the usual manner. The carbon existing in a 
state of combination will be represented by tlie excess afforded by this 
process over that of the direct estimation of carbon in the form of 
graphite, as already described. 

Instead of operating as above directed, about 5 grammes of the metal, 
in small pieces, may be introduced into a flask, covered with >vater, and 
iodine added. The mixture is, from time to time, shaken, and is allowed 
to stand until all the free iodine has been taken up ; more iodine is now 
added, care being taken to prevent heating ; for every part of iron 
operated on about five parts of iodine are required. If the metal has been 
reduced to a finely divided state, the operation will be complete when the 
whole has been dissolved. When, on the contrary, the iron has l)een used 
in the form of chippings of considerable size, the action may be arrested 
as soon as a sufficient weight has entered into solution. In this case 
the portions remaining undissolved must be taken out, carefully washed, 
dried, and re-weighed ; the second weighing, deducted from the firat, will 
represent the weight of the dissolved metal 

The solid residue is separated from the brown solution by decantation, 
and is then carefully washed by the same means ; the final washings are 
filtered through a tube, of which the end is drawn out and closed by a 
plug of asbestos. After being finally washed it is dried, and when dry the 
tube with its contents, together with the remaining portion of dry solid 
residue, is introduced into a jiorcelain or liard glass tube, mixed with 
cupric oxide, and its combustion effected by a current of oxygen. The 
resulting COo, after passing through a ttibe containing calcium chloride, 
is absorbed by caustic potash and weighed in the usual way. From 
the weight of COj obtained, the amount of total carbon is calculated. 
From this must be deducted the amount of graphitic ciirbon, previously 
determined, and the difference will repre.sent the combined carbon present 
Bromine may be employed in place of iodine, but the results obtained 
are not so accurate, being generally too low. 

According to Sir F. Abel,^ when steel is dissolved by digestion in 
chromic acid mixed with sulphuric acid without heating, a residue is 
obtained containing iron and carbon, whose composition is represented 

^ * Proceedings of the Institute of Mechanical Engineers,’ 1885, p. 46. 
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approximately by the formula FegC (Fe 93-3, C 6*77 per cent) The 
proportion of this substance varies with the state of the metal, which, 
if soft or annealed, yields it in sufficient quantity to account practically 
for the whole of the contained carbon ; while, on the other hand, none 
is obtained from hardened steel, the carbon being then entirely combined. 
With tempered steels the amount of carbide varies with the heat em- 
ployed in tempering, thus at a straw tint 30 per cent., and at a deep 
blue 42 per cent, of the total carbon present were obtained in this condi- 
tion. A similar substance was obtained by Muller from spiegeleisen, and 
described under the name of amor}i>hou8 iron. 

Minute Traces of Foreign Metals. — About 30 grammes of the 
iron or steel should be employed in the examination for metals precipi- 
tated by sulphuretted hydrogen, €,g.y lead, copper, &c. The metal to be 
examined is dissolved in hydrochloric acid, and the solution, diluted, 
partly neutralized with sodium carbonate, and submitted to the action 
of sulphuretted hydrogen. After saturation with the gas the liquid is 
allowed to stand at rest for several hours, and the small quantity of 
precipitate which subsides is examined for the various metals byoixiinary 
analytical processes. 

Chromium and vanadium are to be looked for in the carbonaceous 
residue obtained by dissolving a considerable quantity of the iron in weak 
acids ; aluminium, calcium, and magnesium may be estimated in the 
filtrate by the usual j)rocesses. 

EgGERTZ’s IhiOCESSES. 

Dtierm illation of Carbon , — This is a process founded on the use of 
standard solutions, and is based on the fact that when iron containing 
carlx)!! is treated witli nitric acid slightly diluted and warm, the com- 
bined carbon is converted into a dark brown colouring-matter, while 
the grajdiitic portion remains unattacked. 

By addition of water the solution may be brought to the colour of a 
standard liquid, obtained by dissolving a given weight of a steel of known 
composition, and the proportion of carbon in the metal under examination 
is subsequently determined by measuring the volume of its solution. 

Pure nitric acid diluted to a density of 1*20 is employed, and the 
quantity of metal operated on is usually 0*10 gramme. The steel, in the 
form of filings which have been previously passed through a metallic 
sieve, of which the meshes are less than 0*004 inch in diameter, is 
attacked, in a test tube or small flask, by acid of the density above 
specified. If the metal contains but little carbon, from 1 *5 to 2 c.c. of 
acid will be sufficient for tlio solution of 0*10 gramme of filings, but if 
the amount of carbon be large, as in the case of spiegeleisen, from 4 to 
5 c.c. will be required. By the aid of a moderate heat solution is 
almost immediately effected, attended by effervescence, and black flocks, 
in greater or less abundance, will be observed floating in the liquid. 
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In Older to obtain uniform results, it is necessary that the trials should 
be conducted at the same temperature and under similar conditions. 
To this end the tube in which the solution is being prepared is placed in 
a water-bath and kept constantly at a temperature of about 80* C. 
The black flocks, above alluded to, are seen gradually to dissolve with 
evolution of bubbles of gas, and the liquid becomes proportionately darker 
in colour. 

At the expiration of three hours complete solution is efiected, and the 
tube and its contents are rapidly cooled by being plunged in cold water. 
The liquid is then poured into a burette, graduated to tenths of a c.c. 
Finally, it is diluted with water until its colour exactly corresponds with 
that of the standard solution obtained by dissolving an equal weight of 
steel of which the composition has been previously ascertained ; this solu- 
tion, for comparison, must be contained in a tube having the same diameter, 
and made of similar glass to that of the burette. The similarity of colour 
may be judged by comparing the two by transmitted light, holding them 
between the eye and a window, or, still better, by placing the tubes side 
by side before a sheet of white paper placed opposite the light. After a 
little experience, a degree of exactitude will be obtained, which is repre- 
sented in volume by from one to two-tenths of a c.c. ; this will indicate 
the proportion of carbon to within two-liundredths of 1 per cent., if tlio 
standard solution be prepared by making it up to as many c.c. as the typo 
steel contains tenths of 1 per cent, of carbon. As, according to Tunner’s 
scale, the proportion of carbon varies 0*25 per cent, in passing from 
one No. of hardness to another, this is found in practice a sufficiently 
accurate approximation. 

In order to obviate the necessity of making a standard solution for 
every set of determinations, various coloured liquids have, at dilferent 
times, been employed, with a view of establishing a iKjrmanent scale. 
Caramel or burnt sugar, which has, among other substances, been employed 
for this purpose, gives various shades of brown and yellow, but they are 
by no means stable ; partially decomposed solution of indigo in sulphuric 
acid is said to retain its colour for a considerable time. Iletmann recom- 
mends the use of a solution containing a mixture of potassium dichromatc, 
and nitrate of cobalt ; but, in the majority of cases, direct comparison with 
a standard solution of a given weight of steel, of known composition, is to 
be preferred. 

The following determinations of carbon in various kinds of Swedish 
iron and steel are by Eggertz ; — 


Per cent, of Ciir>x>n. 

Fk>fte8t Swedisli Bensemer iron contains 0*08 
Soft steel 075 


Best quality of cast-steel 
Natural forge-steel 
Cement- steel 
Cast-steel 

Hardest' melting cast-steel 
Malleable cast-iron 
Draw-plate steel . 


1-40 to 1-60 


0119 

0- 50 
0'«6 , 

1- 80 
088 , 
330 


2*44 

lUO 

11)4 

1-52 
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This process cannot be employed for the comparison of steels obtained 
from different materials, or by different methods of treatment. In con- 
iirmation of this, Gruner states that at Neuberg a variety of coke pig 
yielded by the Bessemer process a steel corresponding in physical pro- 
perties to No. 3 of Tunner*8 scale, while, according to the carbon it con- 
tained, it was only No. 6. This was a good ordinary cast-steel, very hard 
and difficult to weld, and by analysis, as well as by Eggertz’s method, 
afforded only 0*3 per cent, of carbon *, by analysis, bowe\ ex, \t was io\mi 
to contain nearly 1 per cent, of silicon, which, to a certain extent, may 
replace carbon in steel as well as in cast-iron. 

Sulphur. — The ordinary methods of determining the amount of 
sulphur contained in iron and steel not only necessitate a consider- 
able expenditure of time, but they also require an amount of analy- 
tical skill not always at command in establishments of limited extent. 
Eggertz has, therefore, sought a more rapid process, by which, without 
any pretence to great accuracy, an approximate estimation may be made 
of the amount of sulphur present in pig-iron, wrought-iron, and steel. 
The basis of this process is the more or less darkened shade acquired 
by a silver plate exposed to the action of the sulphuretted hydrogen 
evolved from an attack of a given weight of the metal under examination. 

One gramme of distilled water and 0*5 gramme of strong sulphuric 
acid are poured into a stoppered bottle about 0*025 m. in diameter and 
0*15 m. in height ; into tiiis, in the state of a finely divided powder, is 
introduced 0*10 gramme of the metal to be examined, and a piece of thin 
silver plate is immediately hung in the upper part of the flask, by 
a fine platinum xvire retained between the neck of the flask and its glass 
stopper. At ordinary temperatures the metal will be completely dissolved 
in about fifteen minutes, and the silver plate may then bo removed for 
examination. After numerous experiments, Eggertz has arranged a scale 
of colours corresponding to the varying amounts of sulphur present, esti- 
mated as hiindredtlis of 1 j)er cent. This method of estimating small 
quantities of siilpliur may be conveniently used for the determination of 
(juantities of less tlian 0*10 per cent., and is applicable to pig-irons of high 
cpiality, such as tiioso produced in Sweden ; it is not, however, to be recom- 
meiuled for iron obtained with mineral fuel from the ordinary ores of this 
country. 

Silicon , — The accuracy of determinations of silicon in iron and steel 
is not unfrequently impaired by the presence of a notable amount of 
intermingled slag, which, being a mere mechanical impurity, has no 
relation whatever with the chemical composition of the metal. In order 
to obviate this difficulty Eggertz has devised a method of estimating 
silicon in the presence of slags, which is based upon the fact that w*hen 
iron is acted on by bromine or iodine it dissolves, and the silicon which 
is liberated is transformed into a form of silica completely soluble in a 
boiling solution of sodium carbonate, while that in combination as slag, 
should any be present, is not thus acted upon. 
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About 3 grammes of metal in the form of finely divided filings, pre- 
viously sifted through a sieve of the degree of fineness specified when 
describing the determination of carbon, are treated with five times their 
weight of iodine in 15 c.c. of water, contained in a beaker of six or seven 
times that capacity. The water used should have been previously boiled, 
for the purpose of freeing it from air, and, as the operation should be 
conducted at a low temperature, the beaker must be kept cool, either by 
ice or by a current of cold water. As soon as the complete solution of 
the iron has been effected, the liquid is diluted to three times its original 
volume by a further addition of cold water, and, after being well stirred, 
is allowed to settle. The lighter portion of the graphitic carbon remains 
in suspension, and is, with the greater bulk of the solution, poured upon 
a wetted filter in a small glass fiiiineL To the heavy insoluble residue, 
which is retained in the beaker, a few drops of hydrochloric acid are 
abided, and the whole is well stirred with a glass rod. If this should l>e 
followed by a disengagement of gas, it is proof that the wliole of the 
metal has not been dissolved, and after the addition of a little sodium 
carbonate, to neutralize free acid, more io<line is introduced and complete 
solution effected. The whole of the residue is now transferred to the 
filter, and washed with distilled water until the addition of potassium 
ferrocyanide ceases to indicate the presence of iron. The filtrate is eva- 
porated to dryness with addition of hydrochloric acid, for the pur})ose 
of recovering any traces of silica it may contain, and the original insoluble 
residue, which may contain graphite, silica, and unattacked slag, is trans- 
ferred, without drying, to a large platinum dish, where it is treat'd with 
a saturated solution of sodium carbonate. After being heated for about 
one hour in a water-bath, during which time it is occasionally stirred with 
a platinum spatula, tiie alkaline silicate is carefully decanted from the 
insoluble residue upon a filter. A fre>h quantity of sodium caibonate 
solution is now added, and, after heating tluriiig another hour in the 
water-bath, the whole is thrown upon a filter and carefully washed. 
The alkaline solution is now evaporated to dryness with the addition of 
hydrochloric acid, and to the dried resi<lue hydrocldoric acid is first 
added, and afterwards water. After boiling, the silica is separated by 
filtration, dried, ignited, and weighed. To tlie weight thus obtained is 
added that of the silica resulting from the evaporation of the iron solu- 
tions, and from the total is calculated the percentage amount of silicon 
present in the metal ; the insoluble residue may contain graphite, slag, 
and titanic oxide. 

By this process Eggertz has found that the amount of silicon in good 
bar-iron may vary from 0 01 to 0*10 per cent. ; Krupp^s steel afforded 
0*03 per cent, while ordinary cast-steel, of good quality, contains traces 
only. Iron from a charcoal hearth, destined for the manufacture of wire, 
contained 0*33 per cent of slag, while in armour-plates it amounts to 
from 0*75 to 3 00, and in rails sometimes to as much us 5*00 per cent 
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COBALT. 

Colwlt is a metal of a steel-grey colour, and is susceptible of re- 
ceiving a high polish. Excepting traces which occur in meteoric iron, 
cobalt is not found in the metallic state. It is reduced from its oxides 
by ignition with charcoal more easily than iron, and than are some of 
the more difficultly fusible metals; but when thus obtained it always 
contains carbon. 

Cobalt in its purest state is obtained by the ignition of its oxalate. 
If eitlier oxalate of cobalt, or a mixture of oxide of cobalt with charcoal, 
be strongly heated in a wind-furnace, with a little powdered glass, free 
from lead and from other reducible metals, a button of fused metallic 
colxilt will be obtained. Cobalt may also be reduced from its oxides by 
hydrogen ; but unless the heat applied be considerable, the reduced metal 
is pyrophoric, taking fire in contact with air, and giving lise to the pro- 
duction of Co;/) 4 . The spongy cobalt, obtained by ignition of its oxalate, 
after being allowed to cool in a closed vessel, may be collected in the 
fonii of a solid button by exposure to a high temperature in a lime 
crucible. 

Cobalt is attracted by the magnet, and is capable of receiving a slight 
magnetic power when rubbed with a magnet ; according to Pouillet, this 
power is not destroyed by the strongest red lieat Its specific gravity 
is from 8*oI to 8*70. It is not altered by the action of air and water at 
ordinary temperatures, but when very strongly heated takes fire, and is 
converted into the three-quarter oxide. It decomposes aqueous vapour at a 
red heat, and is dissolved by liydracids. By dilute oxygen acids it is, by 
the aid of heat, slowly dissolved 'with evolution of hydrogen gas. This 
metal unites by fusion with antimony and arsenic, the combination being 
attended by incandescence ; the resulting alloys are brittle, and have an 
iron-grey colour. Metallic cobalt has a greater tenacity than iron, but is 
not employed in tlie arts. 


Cobalt Ores. 

The principal ores of this metal are the following : — 

Stnaliine, CoAso. — Occurs in octahedra, cubes, and dodecahedra, more 
or less modified. Colour, tin- white, inclining to steel-grey; fracture, 
granular end uneven; specific gravity, 6*4 to 7*2. This ore essentially 
consists of cobalt and arsenic, and is found in veins associated with silver 
and copper. Occurs in Cornwall ; in Bohemia ; at Freiberg, and, more 
abundantly, at Schneeberg in Saxony. 

Cohalt Glance^ CoAsS. — Lustre, metallic; colour, silver- white, in- 
clined to red ; streak, greyish-black. Occurs at Tunaberg, Riddarhyttaii, 
and H^kansbo, in Sweden, in large, well-defined crystals ; also at Skut- 
terud, in Norway. It is likewise met with at Querbach in Silesia, Siegen 
in Westphalia, and at Botallack in Cornwall. The most productive mines 
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are those of Vena in Sweden, w'-hich were first opened in 1809. This 
ore of cobalt is also found in California, &c. 

Cohalt Blocmi , — Occurs in thin oblique crystals, having a well-defined 
cleavage and foliaceous structure. It is also found as an incrustation on 
other minerals, and in compact reniform masses. Its colour is a pinkish- 
purple, resembling that of peach-blossom. When scratched it affords a 
greenish streak. This mineral is generally associated with silver and 
lead, and with other ores of cobalt, and is abundantly found at Schneeberg 
in Saxony, Saalfeld in Thuringia, and Riechelsdorf in Hesse Cassel. It 
is also found in England, in the counties of Cornwall and Cumberland, 
but does not occur in this country in sufficient abundance to render its 
extraction of commercial importance. Its percentage composition, accord- 
ing to Bucholz, is 39 of oxide of cobalt, 37 arsenic anhydride, and 22 of 
water: formula C 03 AS 2 O 8 . 8 H 2 O. When heated it gives off arsenical 
fumes, and, fused with borax, affords a bead of a fine blue colour. 

Mispickel sometimes contains from 5 to 10 per cent, of cobalt. 

Estimation of Cobalt and Nickel. 

The ores of cobalt and nickel are usually very complex in composi- 
tion ; they are, however, almost invariably found together, and conse- 
quently the methods employed for their estimation and separation from 

one another, as well as from the various metals with which they are 

generally associated, will be described as one series of operations. 

The ore is finely crushed, and, acconling to its richness, from 4 to 7 
grammes may be taken for analysis. If the mineral contains much sulphur 
or arsenic, it is first roasted in a porcelain crucible in a muffle, in order 

to dispel the greater portion of these substances. The residue is then 

well boiled with hydrocliloric acid, to which a little nitric acid has been 
added, until the metallic oxides are completely dissolved. The solution 
is slightly diluted with water, nearly neutralized M’ith ammonia, more 
water added, and then boiled with an excess of acetate of sodium, by 
which iron and aluminium are separated in the form of basic acetates ; 
the precipitate thus obtained will also contain arsenic. It is best to re- 
dissolve this precipitate, after washing, in hydrocliloric aci<i, and, after 
neutralizing part of the free acid with ammonia, to precipitate a second 
time by acetate of sodium and boiling, as a small quantity of cobalt and 
nickel is generally carried down in the first precipitate of basic acetates. 
The two acetate solutions are now mixed and carefully neutralized witli 
ammonia. They contain all the colmlt and nickel, and possibly some 
manganese, zinc, copper, bismuth, and lead. On passing sulphuretted 
hydrogen through the solution, cobalt, nickel, zinc, copper, bismuth, and 
lead are thrown down as sulphides, leaving the manganese in solution 
along with any earthy oxides present in the ore. These sulpliides are 
collected on a filter, washed, dried, and roasted, dissolved in hydrochloric 
acid, and the copper, bismuth, and lead removed by passing a stream of 
hvdroiien through the acid solution. The filtrate is now 
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evaporated nearly to dryness, the salts taken up with water, a little acetate 
of sodium and a few drops of ammonia added, and then freely acidified 
with acetic acid. On passing sulphuretted hydrogen through this acetic 
acid solution the zinc is thrown down by itself as zinc sulphide. The 
filtrate from the sulphide of zinc contains the whole of the cobalt and 
nickel, which are finally precipitated as sulphides by making it alkaline 
with ammonia and again passing sulphuretted hydrogen. The sulphides 
of cobalt and nickel are thrown on a filter, washed, dried, thoroughly 
roasted, and weighed. After roasting, the nickel exists as i^iO, the cobalt 
as C03O4. These oxides may be reduced at a full red heat by means of 
hydrogen gas, and the nickel and cobalt weighed as metals. 

It now only remains to separate the cobalt from the nickel. The oxides 
or the metals are dissolved in hydrochloric acid and the excess of acid 
driven off by evaporation. The chlorides are dissolved in water and the 
solution poured into a flask, with the addition of an excess of freshly 
precipitated barium carbonate, together with a few drops of bromine. 
The flask is loosely corked and the fluid allowed to stand six or eight hours, 
with frequent agitation. The cobalt is precipitated as peroxide, while 
the nickel remains in solution. The precipitated colmltic oxide and 
the excess of carbonate of barium are well washed and dissolved in 
hydrochloric acid, and, after sej>arating the barium by sulphuric acid, 
the cobalt is precipitated by potash. After washing, drying, and igniting, 
it is eitlier weighed as €0304, or reduced to the metallic state by liydrogen. 
The filtrate from the cobalt, containing the nickel, is of a pure green colour. 
After removing the baryta by sulphuric acid, the oxide of nickel is 
thrown down by potash and weighed. From the weight of the oxide of 
nickel thus obtained, the jHjrcentage of this metal present is calculated. 
The yield of cobalt is usually returned as CojfV 

PREPARATIONS OF COBALT. 

Two compounds of cobalt are extensively employed in the arts, 
namely, oxide of cobalt and smalt. 

Oxide of Cohalf , — In the preparation of cobalt oxide (Co304)on a large 
scale, speiss, resulting from the fusion of arsenical 01 es of cobalt, is first 
subjected to calcination. The roasted speiss is subsequently dissolved 
in strong hydrochloric acid, and iron, arsenic, tfec., precipitated by the 
gradual addition of milk of lime. When the precipitate thus obtained 
lias subsided, the clear supernatant liquors arc drawn off into vats, in 
which sulphuretted hydrogen is passed through them as long as metallic 
sulphides are produced. As soon as these have completely settled, the 
clear liquid is again drawn off*, and oxide of cobalt precijiitated by the 
addition of bleacliing-powder ; the hydrate, thus obtained, is heated to 
redness. Oxide of cobalt, >vhich is largely made in Birmingham by the 
nickel-refiners, is employed in the Potteries and by glass-makers, enamel- 
lers, and othera, who use it, either alone or in conjunction w’ith various 
fluxes, for imparting a blue colour to their wares. 
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Smalt — The ))reparation of smalt, which is a double silicate of cobalt 
and jH)tiissiiiTn, was invenUnl in Saxony about the year 1550, and is per- 
hapxs the only process in connection with tlie ores of cobalt which can be 
strictly rejraixlevl as a inetalluiyical operation. Smalt is applicable to all 
purposes for wliicb a cheap durable blue is riMpiired as a surface-colour. 
A pigment of this kind is attackable only by agtmts capable of decoin- 
posing glass ; and smalt is, consequently, more permanent than the 
majority of colours. 

The ore destined for the manufacture of smalt is first roasted in a 
reverberatory furnace having in communication with it chambei*s for con- 
densing the arsenical fumes which are evolved. After having l)cen suit- 
ably roasted in this furnace, the ore is mixed with pure siliceous sand 
and potassium carbonate. Zaffres are ores of cobalt, which contain a 
sufficient amount of silica to form a blue glass with the adilition of car- 
bonate of potassium only. The fusion of the mixture is effected in large 
earthen pots arranged in a furnace similar to that cm ] cloyed in the manu- 
facture of plate-glass. h>om the great fusibility of the ingredients, the 
whole will have become completely melted at the expiration of eight 
hours, and during this time the mass is often stirnnl until the glas.s 
appears homogeneous, and a speiss containing a little cobalt and a con- 
siderable amount of nickel, together with arsenic, iron, Ac , lias sunk to 
the bottom. The smalt is now ladled out from the ])ots with a large iron 
ladle, and thrown into a reservoir through which a current of water 
constantly flows ; by this tr(»atment it becomes split into minute frag- 
ments, and its subsequent pulverization consequently much facilitated. 
When the pots have been nearly emptied, each ladleful withdrawn will 
consist of a mixture of spei.ss and smalt. The former, being completely 
liquid, readily separates from the more viscous glass which adheres to the 
ladle, whilst the metalliferous speiss is run into cast-iron moulds. These, 
during the time they remain hot, give off dense arscnit^al vapours, and 
arc therefore placed in niches in the brickwork of the furnace, so as to 
be in direct communication with the chimney. 

The deeply coloured blue glass, after being removed from the vats 
into which it has l>een thrown, is ground with water to the state of an 
impalpable pulp between granite millstones. 

The blue pulp thus obtained is passed, in suspension in water, through 
a series of wooden vats, in which the coarser particles are first dejwsited, 
and where the powder which gradually settles is classified in accordance 
with its owler of deposition. From these vats the pasty smalt, after 
being allowed to drain, is removed to drying-kilns, and is finally sifted 
through fine metallic sieves to remove any accidental lumps, and packed 
for the market. 

Cohalt Blue^ or Th/mareCs Blue^ is prepared by precipitating a solution 
of nitrate of cobalt by phosphate of potassium, and adding to the result- 
ing gelatinous deposit from three to four times its volume of freshly 
alumina, obtained by the addition of carbonate of sodium to 
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a solution of common alum. This mixture, after being well dried and 
calcined, affords, when properly ground, a beautiful blue pigment. 

Printers^ Blue is the colour used for printing the ordinary blue 
j){ittern8 on china. It is mixed with oil, printed on paper, and transferred 
to the biscuit-ware ; the colour is developed during the process of glazing. 
This colour is prepared by fritting silicate of cobalt with nitre, and adding 
a little basic sulphate. 

liiiman’s Green is a permanent green pigment prepared by precipi- 
tating a mixture of the sulphates of zinc and cobalt with carbonate of 
sodium, and igniting the precipitate after careful washing. It may be 
also made by mixing a solution of nitrate of cobalt with either nitrate or 
oxide of zinc, and subsequently evaporating and igniting. 


NICKEL. 

This metal is closely allied to iron and cobalt, being associated with 
them, not only in meteorites, but also in the majority of its ores. Nickel 
is a silver-white metal, ductile and malleable, and but slightly more 
fusible than iron, which, according to Devillc, it surpasses in tenacity. 
Nickel containing small quantities of carbon is more fusible than the 
]nire metal. Its specific gravity is 8*50, but this may be increased by 
forging to 8 67. Nickel, previously heated, burns in oxygen gas like 
iron ; the pulverulent metal obtained by the reduction of oxide of nickel 
by hydrogen at a low red heat is pyrophoric. When oxide of nickel is 
strongly heated with charcoal in a wind-furnace it becomes reduced to 
tlie metallic state, and, by combining with a portion of the carbon 
j^resent, gives rise to the formation of a fusible carbide, which collects 
in the form of a button at the bottom of the crucible in which the 
fusion has been conducted. When treated either with hydrochloric or 
weak sulphuric acid, this metal dissolves with the evolution of hydrogen ; 
it also dissolvcvs readily in nitric or in nitro-hydrochloric acid. 

Pure nickel is of a silvery white colour, and is both ductile and 
malleable ; it is attracted by the magnet at ordinary temperatures, and is 
capable of becoming permanently magnetic, but loses these properties at 
250* C. Nickel unites with other metals, forming alloys, of which the 
most important is that with copper and zinc, known as German silver. 
This is composed of a mixture varying from 13 to 31 per cent, of zinc, 
with from 40 to 66 per cent, of copper, and 12 to 31 per cent of nickel, 
according to the purposes for wdiich it may be required. Nickel is also 
much employed for coating other metals with a brilliant silver-white 
covering. A bath much used for the electro-deposit of this metal is 
prepared by dissolving 4 parts of nickel sulphate in 4 parts of aqueous 
ammonia and 150 parts of water, holding in solution 50 parts of acid 
sodium sulphite. The deposition of metal is effected by a very feeble 
current. 

2 B 
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Nickel Ores. 

The ores of nickel, with but few exceptions, have a pale colour and 
metallic lustre. In some respects they resemble those of cobalt, but are 
readily distinguished from them by not communicating a blue colour to 
borax when fused before the blowpipe. Specimens of native nickel are 
said to have been obtained from the Erzgebirge, but it is not found in 
sufficient quantities to be of commercial value. 

Copiier-Nichel ; Kupffmickel. Hexagonal — This is a mineral of a 
pale copper-colour, affording a brownish-red streak. It occurs massive, 
and has a metallic lustre. It is extremely brittle, and has a specific gravity 
varying from 7*3 to 7*5. This ore is essentially composed of 44 parts of 
nickel and 56 of arsenic ; formula, XiAs. When heated before the blow- 
pipe it gives off alliaceous fumes, and subsequently fuses into a pale-green 
globule, whicli darkens on exposure to the oxidizing flame. Copper- 
nickel is generally found associated with the ores of copper, silver, and 
cobalt, and is principally obtained from the mines of Saxony ; small 
quantities have, however, bt*en raised in this country, particularly at Pen- 
gelly, Fowey Consols, and St. Austell Consols in Cornwall, and at the 
Bathgate silver mine in Scotland. 

Gamierite and Noumeitp. — The minerals bearing these names are 
indefinite hydrated silicatas of magnesium containing oxide of nickel, 
which have of late years been found in large quantities in New Caledonia. 
In some cases noumeite contains above 32 per cent, nickel oxide. 

Among the other ores of nickel may be mentioned the following : — 

Ramnidshergite, Rhombic. — Formula XiAs and X 1 .AS 3 , an arsenical 
ore, found at Reichelsdorf in Hesse Cassel, and at Schneeberg in Saxony. 
It contains from 20 to 30 })er cent, of nickel 

Gprsdorffite^ formula Xi(SAs).j, another arsenical ore, containing sul- 
phur, occurring both massive and in cubical crystals. This mineral, which 
i-^ of a steel-grey colour, is found in Sweden, in the Harz, and at Schlad- 
ming, Austria. It contains from 20 to 38 pir cent of nickel, and has a 
specific gravity of about 6 *7. 

Antimonial NicJcpl, formula NiSb, containing about 32 per cent of 
nickel and no sulphur; a portion of the nickel is usually replaced by iron. 
It is a pale copper-coloured mineral from Andreasberg. 

Millprite is a brass-yellow sulphide of nickel, occurring in delicate 
capillary forms. It is found in small quantities in liohemia, Saxony, 
Cornwall, South Wales, <kc. ; contains 64 per cent of nickel, and has a 
density of 5*3 ; formula NiS. 

Pentlandite^ a double sulphide of iron and nickel, of a bronze-yellow 
colour, containing from 18 to 21 per cent of nickel, is obtained from 
Southern Norway. A somewhat similar mineral, containing from 10 to 
12 per cent, of nickel, has been discovered in the neighbourhood of In- 
veraray in Scotland, and is also noticed by Mr. King as occurring at La 
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Motte, Missouri, United States. Another sulphide of nickel containing 
bismuth has been found in some of the German mines, which have also 
produced specimens of arsenate of nickel of a beautiful apple-green colour. 

Emerald Nickel, or Hydrated Carbonate of Nickel, usually occurs as 
an incrustation on other minerals. It is nearly transparent, of a bright 
emerald-green colour, and has a vitreous lustre. Another ore of nickel, of 
a brown or nearly black colour, and containing variable quantities of 
sulphur, is found in connection with ores of cobalt at La Motte, 

METALLURGY OF NICKEL. 

The nickel of commerce is chiefly obtained from garnierite, from 
cop})er-nickel, from pyrites containing nickel, and from speiss or matte 
obtained as a secondary product during the treatment of nickeliferous 
ores. Different processes are employed for the preparation of metallic 
nickel, but the details of the various operations in use in this country are 
kept secret by the manufacturers. 

Lerthier dissolves either roasted speiss or roasted Kupfernickel, 
together with tlie quantity of iron found by previous experiment to be 
necessary for the removal of arsenic, in boiling nitru-hydrochloric acid, 
containing an excess of nitric acid, and evaporates to dryness. The 
residue is treated with water, which leaves a large quantity of undis- 
solved ferric arsenate, and carbonate of sodium is added to the filtrate, 
which is kept constantly stirred until the precipitate begins to exhibit 
a green tint ; by this means the remainder of the ferric arsenate will 
be thrown down, together with a portion of the cupric oxide. Should 
the precipitate, which is white when first deposited, not eventually be- 
come brown, it is an indication that the amount of ferric oxide present 
is not sufficient to effect the complete removal of the arsenic acid ; 
ferric chloride must consequently be added, and the ferric oxide pre- 
cipitated by the cautious addition of sodium carbonate. The filtrate 
is treated with sulphuretted hydrogen, and the clear liquid, separated 
from sulphide of copper, <fec., is boiled with excess of sodium carbonate. 
The precipitate, consisting of a mixture of the carbonates of cobalt and 
nickel, is, after being thoroughly washed, diffused in water, and a cur- 
rent of chlorine passed through it as long as this gas continues to be 
absorbed. After exposure to the air for the purpose of allowing the 
escape of any excess of chlorine, the liquor is filtered, and from the 
filtrate so obtained oxide of nickel, free from oxide of cobalt, may be 
precipitated by an alkali. 

Cloez (Jahresb. 1857, p. 619) dissolves finely pulverized and perfectly 
roasted Kupfernickel in strong hydrocliloric acid, and adds an excess of 
acid sulphite of sodium. The mixture is afterwards vigorously boiled 
until the whole of the arsenic acid has been reduced to arsenious acid ; the 
excess of SOj is driven off ; sulphuretted hydrogen is subsequently passed 
through the lukewarm solution in order to precipitate arsenic, copper, anti- 
mony, lead, bismuth, &c., and the mixture is allowed to stand for twelve 



or carbonate of calcium. Tlie dissolvotl barj'ta, or lime, is removed by 
sulphuric acid, and separated by filtration ; carbonate of sodium added to 
the filtrate yields a precipitate of pure carbonate of nickel, which is sub- 
sequently ignited and reduced. Solutions of sj^eiss in nitro-hydrochloric 
acid may be treated in the same way after first expelling the nitric acid 
by boiling with excess of hydrochloric acid. 

The principal nickel-works in this country are situated in the neigh- 
bourhood of llirminghara, the details of the various operations being, as 
before stated, as far as practicable, kept secret. The general routine 
practised in these establishments is, however, understood to be nearly as 
follows: — The ore, or speiss, or a mixture of the two, is first molted in a 
reverberatory furnace, with addition of lime and fluor-spar as flux ; the 
slags thrown aw’ay, the resulting matte, or speiss, finely ground, and sub- 
sequently roasted until arsenious fumes cease to he evolved. 

The roasted product is now treated with hot hydrochloric acid, in 
which it becomes almost completely dissolved, the solution is diluted 
with water, the whole of the iron peroxidized, and the iron and arsenic 
precipitated by neutralizing the liipior and subsequently boiling. Sul- 
j)huretted hydrogen is then passed through the clear liquors separated 
from the precipitate. The precipitate by suljdiurctted hydrogen is sepa- 
rated and wa.shed, and the solution treated with chloride of lime (hleach- 
ing-powder), to which a little caustic lime is addeil to neutralize the 
liberated acid. By this means oxide of cobalt i.s precipitated, and, aft(*r 
being w'ashed and ignited, is ready for the market. The nickel is, after 
the addition of milk of lime, precipitated by boiling the li([Uor from 
which the cobalt has been jireviously llirown tlown. 

The reduction of nickel oxide thus obtained is sometimes effected 
by a process of cementation. For this purpose a number of cylinders of 
refractory clay are fixed vertically in a furnace, so tliat the flame may play 
around them on all sides. These arc ojjen at top, and terminate at 
bottom in truncated cones pas.«,ing below the fire-bars, through which the 
charge is removed. Tlie dried oxide of nickel, either in lumps or in 
small cubes, intimately mixed with pow’dered charcoal, is introducetl at 
the top of these cylinders, and a .strong heat externally jipplied. The 
reduced metal retains the form of the lumjw or cubes of oxide introduced, 
and is from time to time withdrawn tlirougii openings in the bottoms of 
the cylinders ; a fresh charge being at the same time introduced at the 
top, so that the operation becomes, to a certain extent, continuous. 

The hydrated nickel oxide produced in the wet way is sometimes 
mixed in a pasty mass with about 5 per cent, of flour and a little syrup. 
This mixture, which has the consistency of dough, is beaten into a frame, 
and subsequently cut into cubes of something less than an inch square ; 
these are dried, and afterwards reduced to the metallic state in crucibles 
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or in tubes in which they are heated to whiteness whilst surrounded by 
charcoal-dust. 

According to Aubel, nickel can be fused before the tuyer of a Rachette 
furnace, and Montefiore states it may be melted in comparatively large 
quantities in the apparatus devised by Deville and Debray for the fusion 
of platinum. 


COPPER. 

This metal appears to have been known in remote antiquity, and, 
alloyed with about one-tenth of its weight of tin, was anciently em- 
ployed for making edge-tools and for other purposes. Copper has a red 
colour, is very malleable, ductile, and tenacious, and when warmed or 
rubbed exhales a characteristic odour. 

The copper of commerce is not chemically pure, but contains traces 
of other metals, such as arsenic, tin, and silver. Pure copper may be 
precipitated by electrical agency from a solution of a pure salt of that 
metal, and the variety of copper known as best- selected is very nearly 
pure ; tough-imfot and tough-cake^ particularly the latter, may contain 
traces of arsenic, tin, sulphur, &c. 

Chemically pure copper may also be obtained by reducing cupric 
oxide to the metallic state by passing over it a stream of hydrogen gas 
while heated in a hard glass tube. Under these circumstances the 
reduction takes place below a red heat, and the metal which remains in 
the tube is found in the state of a pow^der, readily assuming a metallic 
lustre when rubbed between hard surfaces. 

The specific gravity of this metal varies slightly, in accordance with 
the nature of the treatment to which it has been subjected, hammered or 
rolled specimens having a greater density than ordinary fused copper 
which has not been thus comjn'essed. The density of copper varies 
between 8-76 and 8*96, and when heated to whiteness it gives off 
metallic vapours, wliicli impart a green colour to flame. 

When copj)er at ordinary temperatures is exposed to the action of 
dry air, its surface is not oxidized ; but if acted on by a damp atmosphere, 
it becomes covered with a green basic carbonate, known as “verdigris.” 

Water is decomposed by copper wdien heated to whiteness in the 
presence of steam ] oxide of copper is formed, and hydrogen is set free. 
A concentrated solution of hydrochloric acid attacks copper, when in a 
state of fine division, with considerable facility ; but when the metal is 
exposed to its action in more solid masses, its solution is attended with 
some difficulty. 

The presence of the stronger acids does not determine the decomposi 
tion of water by this metal. When dissolved in concentrated sulphuric 
acid, sulphurous anhydride is evolved, ^^itric acid, even when cold 
and diluted with water, dissolves copper with great facility, and gives 
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rise to the rapid evolution of nitric oxide, which, coming in contact 
with the air, produces large quantities of the characteristic red fumes 
caused by the resulting compound. 

Tlie tenacity of copper is less than that of iron, but greater than that 
of gold or platinum. 

Sheet-copper is extensively used for covering ships, and for a vast 
number of other purposes. Copper is also largely employed for making 
tubing, vacuum-pans, stills, &c., as well as for culinary vessels of different 
kinds ; as an alloy with zinc in the form of brass or yellow -metal, and, 
combined with tin, as bronze, bell-metal, &c. 


CHOPPER Ores. 

N'ativb Copper ; Cuivre natif; Gediecfen Kupfer, Cubic. — This 
metal frequently occurs in a native state, and is probably sometimes the 
result of electro-chemical influences, by which sulphate of cojjper arising 
from the oxidation of its various sulphides is caused slowly to deposit 
the metal it contains. 

Native copper is most frequently met with in irn^^mlarly shaped 
masses, occupying fissures in the rocks in which it is x ind ; but it 
sometimes also occurs in a crystalline state, in which case the crystals 
are cubes, octahedra, or some immediately derived form. Native copj)er 
is both malleable and ductile ; has a red colour, Tiietallic lustre, and 
shining streak ; possesses no traces of cleavage, and readily fuses Ixjfore 
the blowpipe into a well-defined metallic globule, which, on cooling, 
becomes externally coated with a thin layer of oxide. In some localities 
specimens of this metal occur in a pure stiite, but it more frequently 
contains traces of other metals, particularly of iron and silver. 

Native copper is met with in the mines of Cornwall, Brazil, and 
Siberia, but most abundantly in those of Keweenaw Point, Lake Supe- 
rior, where masses exceeding 400 tons in weight have been extracted. 
Splendid crystallized specimens are also procured from Siberia and 
from the island of Naalsd, one of the Faroe Isles, where it accompanies 
fibrous mesotype in amygdaloidal trap. 

The minerals of which copper forms an essential constituent are 
numerous and important, but we shall mainly confine our attention to 
such as are entitled to be ranked among copper ores. 

Cuprite ; Ruby Copper Ore ; Cuivre oxydule ; Rothkupfererz. Cubic. 
— This oxide is remarkable for its brilliant cochineal-red colour, most 
distinctly seen in transparent and translucent specimens. 

This mineral frequently occurs in well-defined crystals of a ruby-red 
colour; its lustre is semi-metallic, streak shining and reddish-brown, 
fracture hackly or sometimes conchoidal, and its cleavage parallel to the 
faces of the octahedron. When crystals of this mineral are opaque, they 
are sometimes of an iron-grey tint on the surface, but their peculiar red 
colour becomes apparent when they are reduced to the state of fine 
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powder. This mineral has a density of 5*99; its composition is as 
follows : — 

Cu . . . . 88-80 

O . . . . 11-20 

These proportions are represented by the formula CugO. 

Octahedral copper oxide is found in many of the Cornish mines; 
particularly in those near Redruth, and at the Phoenix mines, near 
Liskeard. Isolated crystals, sometimes an inch in diameter, were 
formerly obtained at Chessy, in the neighbourhood of Lyons ; and many 
splendid specimens have been brought from Siberia. This oxide is also 
found in extremely slender reticulated crystals ; specimens of this variety 
are occasionally obtained from the mines of West Cornwall. 

Melaconite; Black Oxide of Cojyper ; Cuivre oxyde noir ; Ktipfer- 
schwarz. Cubic. — In many copper mines a black substance is found, 
which stains the fingers when handled, and is principally composed of 
cupric oxide, CuO, mixed with various earthy impurities. Analysis 
shows that this substance sometimes contains sulphur and arsenic, and 
often considerable quantities of the oxides of iron and manganese. 

From this circumstance it appears that black oxide of copper, which 
in many localities is obtained in sufficient abundance to render its extrac- 
tion an important consideration, is the result of the decomposition of 
)|her ore«, such as copper pyrites, and that the sulphur and arsenic which 
ijt still retains are merely the result of incomplete decomposition, 
i This mineral is commonly found disseminated among other ores of 
Jippcr, and sometimes occurs in shining botryoidal concretions or dull 
Ijiable masses. 

I Redrutoite ; Vitreous Cojper ; Cuivre sulfur e ; Kupferglanz. 
ifthombic — Disulphide of copper is of an iron-grey colour, and is often 
^iridescent; found in crystals, but more frequently in compact lamellar 
masses ; pseudomorpliic crystals of this mineral after galena, have occa- 
sionally been observed. The specimens obtained from the Cornish 
mines, and especially from Cookes Kitchen, frequently present them- 
selves in thin six-sided prisms. This ore is friable, slightly sectile, and 
when scratched affords a shining lead-grey streak. 

When pure it may be readily cut with a knife, and is fusible in the 
flame of a candle. Its density varies, according to texture, from 5*5 to 
5 - 8 , and its crystals are frequently twinned. 

Disulpliide of copper is almost always contaminated with a certain 
amount of sulphide of iron, by which its hardness and fusibility are con- 
siderably modified. An argentiferous variety from Mexico is known as 
stromeyerite. 

The composition of a specimen of this mineral, from Tellemarken, 
Norway, analysed by Scheerer, was found to be as follows ; — 

S . . . . lsO-36 

Cu . . . . 7912 

Fe . . . . 0-28 


99-76 
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Its composition is expressed by the formula CujS. 

Although in this country magnificent crystals of vitreous copper are 
obtained from the Cornish mines, they are nevertheless almost exclu> 
sively confined to that county ; the more compact and massive varieties 
occur ill Siberia, Saxony, and the Banat 

CoppEU Pyrites; Chalcopynte; Cuivre pyriteux ; Kupferl'ies, Tetra- 
gonal. — This mineral is distinguished by its strong metallic lustre and 
brass-yellow colour. It usually occurs in amorphous masses, with an 
irregular and slightly conclioidal fracture : it is also found in mammil- 
lated, stalactitic, and botryoidal forms, as well as in crystals. Its specific 
gravity varies from 4*1 to 4*3, and when strongly heated on charcoal 
before the blowpipe it readily fuses into a dull-black globule, which, 
from the presence of iron, becomes magnetic. When mixed with sodium 
carbonate, and similarly treated, it yields a button of metallic copper. If 
dissolved in nitric acid or aqua regia, it affords a solution which, on tlie 
addition of ammonia, a.^sumes a fine blue colour. 

The following analyses give the composition of specimens of this 
mineral from two difiereiit localities : — 


Prom C< »ni wall. I FroinSivn. 

Aualyuedby R. Ptiilhps. Au.tly«oa by li Rohc. 


s . . . . 

35-16 

3»» 8i 

Cu . 

30-00 

34 40 

Fe . 

3-2-20 

30-47 

Gaiigue . 

. j 2-64 

0-27 


, 100-00 I 

101-01 


Its composition may consequently be represented by the formula 
CUijS.Fe.jS 3 , or CuS.FeS. 

This mineral ii> found in lodes or veins, wliich frequently occur eitlier 
in granite or in clay-slate, although it is also met with in serpentine, 
gneiss, and other rocks. It is mo.'st commonly associated with iron pynU'.s, 
blende, and galena, together witli carbonates and other ores of copf)er. 

The principal localities in which this valuable ore is found are Corn- 
wall and iJevon, in England ; in Saxony ; at Goslar, in the Lower Harz ; 
at Schemnitz and Kremnitz, in Hungary; ot Fahlun, in Sweden ; in the 
Ural Mountain.*:, in Russia; also in China and Japan, and in Australia ; 
formerly in conftiderable quantities at Chessy, in France. 

The Cornish copper ores, once so extensively treated in the ncigli- 
bourhood of Swansea, are chiefly composed of this mineral, and constitute 
the chief portion of the copjHjr ores raised in the United Kingdom. 

Enormous deposits of iron pyrites, througli which copper pyrites and 
other ores of coj^per are more or less thickly disseminated, are exten- 
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sively worked in Spain and Portugal This mineral, besides supplying 
the sulphur required for the production of nearly all the sulphuric acid 
manufactured in Europe, yields very large quantities of copper by the 
process of wet extraction. 

EuunESCiTB : Caivre parwLclie ; Buntkupfererz, Cubic. — This ore, 
which holds a somewhat important position among copper-producing 
minerals, has a reddish-brown colour, and metallic lustre ; its surface is 
commonly iridescent with different shades of blue, purple, and red, from 
which circumstance it is called cuivre panache by French mineralogists. 

Fused before the blowpipe, it presents similar reactions to those 
obtained from copper pyrites, but when found in a crystalline form the 
crystals are either cubes or octahedra, of which the faces are not usually 
well defined. It occurs in the compact form, associated with other ores 
of copper, in Chili, Cornwall, Siberia, Silesia, Norway, and the Banat ; 
also ill the Cape Colony, and in the cupriferous shales of Mansfeld. 

In this country the crystallized variety has, as yet, only been found in 
Cornwall, where, among other localities, it occurs in the neighbourhood 
of Redruth. 

This, like copper pyrites, is a double sulphide of copper and iron ; 
analyses of two specimens afforded the following results : — 



1 Fr<>m Cornwall ; 
j \.trreutraj*p. 

From Killantey 

1 PLilliptt. 

Cu . 

. 1 58*20 

61*07 

S . . . 

26 98 

23*75 

Fe . 

14*84 

14*00 

Gangue . 

. 1 

0*50 


100 02 1 99*32 


The specific gravity of the crystallized varieties varies from 4*9 to 5*1, 
and the faces of the ciystalh are, in many specimens, slightly curved ; 
formula, 3Cu_,S. Fe.j»S| or CugFeSg. 

Tetraiieuuite : Cnirre gris ; Fahlerz. Cubic ; teti-ahedral — Usually 
occurs massive, but sometimes crystallized in w^ell-defined tetrahedra. 
Its colour varies from steel-grey to iron-black, and when scratched it 
yields either an unchanged or a slightly brown streak. It has a con- 
clioidal fracture, and sometimes an imperfectly developed cleavage parallel 
to the faces of tlie octahedron. It is brittle, and lias a density varying 
from 4*6 to 5*1. 

Dana believes tliat the general composition of this mineral may per- 
haps bo represented by the formula 4 CU 2 S + Sb 2 S 3 or Cu 8 Sb 2 S 7 , in which 
each of the different metallic constituents may be, to a greater or less 
extent, replaced by the substitution of other isomorphous elements ; so 
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that sulphide of arsenic may be substituted for sulphide of antimony, 
sulphide of silver for sulphide of copper, &c. 

This mineral frequently contains zinc and silver, and occasionally 
mercury. The following analyses of different specimens of this ore will 
serve to illustrate its very variable constitution : — 


Locality. 

s. 

Sb. 

As. 

Cll. 

Fe. 

Zn 

Apr 1 

From Claasthal ; Rose . 

24-73 

28-34 


34-4S 

0-27 

5-,55 

4-97 

,, Wolfach ; Hose 

21-52 

26-63 


25-33 

3-72 

3 10 

17-71 

,, Corbieres ; Berthier 

25-30 

25-00 

1-50 

34 30 

1*70 

6-30 

0-70 

,, Gersdorf ; Rose 
Locality not named ; Klap- ) 

n«Ui . . . j| 

1 

26-33 

16-52 

7-21 

38-63 

1 4-89 

2*76 

2-37 

10-00 j 


o 

o 

j 48-00 

1 25*50 j 

I 


] 0*50 


Some of the finest crystals of this substance have been obtained from 
mines near St. Austell, in Cornwall ; and very beautiful coinpl(‘x crystals 
of a bright polished aspect are found at Andreasborg, in the Ilarz; 
Kremnitz and Kapuik, in Hujigarv ; Freiberg, in Saxony ; aiul Dillen- 
burg, in Nassau. 

Blue Carbonate of Copfer ; AziinU' ; Kiij^firlasur, !Monoclinic. — 
This mineral, which occurs both in inammillated concretions and in well- 
detined and brilliant crystals, is of a beautiful blue colour, and is some- 
times perfectly transparent, although commonly translucent only. Its 
specific gravity varies from 3*5 to 3*7 ; lustre, vitieous or adamantine; 
fracture, conchoidal, and streak of a somewhat lighter blue tlian the 
mineral itself. 'When acted on alone before the blowpipe it is melted 
by the oxidizing flame into a black globule. By the reducing flame a 
head of metallic copper is obtiiined. It dissolves with effervescence in 
nitric acid, and yields a solution affording all the common reactions of 
copper. When fu^ed with borax in the oxidizing flame a glass of a 
bright-green colour is produced. 

Its composition, according to analyses by Phillips and Karsten, is as 
follows : — 


Sperimen from Siwcimcn from 
CheMv; t 

R PhiUipH. I KurHton. * 


CnO . 

69-08 

69*08 

CO2 • . 1 

25*46 

25-72 

H2O . 

5-46 

5-20 


100*00 

100-00 


The above numbers correspond to the formula 2(Cu0.C02) + CuO.HjO, 
optipo. riiTT.O^ This mineral usually occurs associated with the 
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red oxide and green carbonate of copper. Some of the chief localities 
from which blue carbonate of copper has been obtained are Chessy near 
I.yons, Sil>eria, and the Banat. Specimens of this ore are also found at 
Kedruth, in Cornwall ; Alston ifoor, in Cumberland ; in the Cuban 
mines, and in large quantities at Burra Burra, South Australia. When 
obtained in sufficient quantity, this substance constitutes a valuable ore 
of copper. 

ALACHiTE ; Cuivre carbonate vert ; Malachit Monoclinic. — Green 
carbonate of copper is remarkable for its fine emerald-green colour, of 
which the same specimen usually exhibits a great diversity of shades. 
When in a crystallized state, this substance is found in various forms 
derived from the oblique prism ; but it is more frequently met with as 
mammillat(»d, reniform, and amorphous deposits It is likewise found in 
stalactiform masses, made up of several successive layers, of which the 
extent and thickness are apparent and well defined. 

Malachite is found in considerable quantities in the Ural Mountains ; 
in the mines of South Australia ; formerly at Chessy in France ; in the 
old mine at Sandlodge in Shetland ; in the Banat ; the Tyrol, and in 
some of the Cornish mines. It is, from its high percentage of metal, 
a valuable ore of copper, but it is also highly prized by the lapidary for 
various ornamental purposes. 

The density of tliis mineral varies from 3*6 to 4 * 1 ; lustre, adamantine, 
inclining to vitreous ; streak of a rather paler green than the mineral 
itself. 

Its percentage composition is as follows : — 



Fr«m Siberia ; 

From SilKjJia; 


Vauquclin 

KUpi uth. 

CuO . 

70*10 

71-70 

COa . 

21 *25 

20*50 

H 2 O . 

8*45 

1 

7*80 

j 

99*80 

100 00 


The above numbers indicate that the composition of this mineral may 
be represented by the formula CUO.CO2 + CuO.HoO or CuC03.CuH202. 
Malachite is advantageously employed for mixing with the various sul- 
phides of copper during the operations of smelting. It is also sometimes 
used by artists as a green pigment ; it affords a valuable material for the 
manufacture of the various salts of copper, and may be converted into 
blue vitriol by solution in dilute sulphuric acid and subsequent crystalli- 
zation. 

Dioptasb; Achirite; Kupfer-Smaragd. Hexagonal. — Composition, 
CuO.SiOj. U3O or CuSi04H2; colour between emerald-green and verdi- 
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gris gi-etjii. Occurs with quartz and calcite iu limestone in tlie Kirghiz 
8teppe, and has been more recently found in the copper mines of Colorado 
and Arizona. 

Chrysocolla ; Silicate of Copper ; Cuiire Hydrate Silicifire; Kleaeh 
hupfer, Cryptocrystallme ; often resembling opal in texture ; earthy. 
Incrusting various minerals or filling crevices, sometimes botryoidal. 
Accompanies other ores of copper ; chiefly occurs near the surface. 
Colour, mountain-green, bluish-green, jiassing into sky-blue or tun^uoise- 
blue. 

Found in the copper mines of Cornwall, Hungary, and Tyrol ; in 
Saxony, llavaria, Australia, on Lake Superior, and at various other locali- 
ties in Korth America. 

Its composition varies considerably, from the presence of impurities, 
as is generally the case witli amorphous minerals, resulting from alte- 
ration. 

Analyses of two specimens of this mineral from different localities 
afforded the following results : — 



1 From (’oqnimljo, 

From Cornwall , 

1 

Chill , F. Field 

Bet thier 

SiO,j . 

28'21 

26 *00 

1 CO, 


3*70 

CuO 

39*50 

41*80 

1 Fe,(b . 

2*80 

2*50 

1 Al,()j . 

4*97 


HjO . . 1 

1 24*52 

23*50 

Gangue , , i 

1 

*2*50 

1 

L. _ 1 

100*00 

100*00 

Probable formula : 

CuO.SiO:!. 211,0, or CuSi 03 . 2 A(i. 


Distribution of Copper ( Ires. 

Copper not only occurs in many different forms of combination, but 
its geographical distribution is very extensive, and its geological range 
equally wide. Ores of tliis metal are found in rocks of all ages, from 
the Laurentian to the (Jretaceous, but their dijposition would appear to 
have gone on with greater activity during the l^ermian i)eriod than at 
any other. 

The principal portion of the copper produced in this country is 
obtained from the mines of Cornwall and Devonshire ; but the Ecton 
mines, Staffordshire, at one time furnished considerable returns, and 
Parys mine in Anglesea once yielded large supjilies. Wales has from 
time to time furnished a limited quantity of copper, and Ireland has 
nnntribnted about 700 toiis annually. The production of copper in the 
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United Kingdom has much decreased since 1862, when it amounted to 
14,843 tons; in 1872 it had been reduced to 5,600 tons; and the 
present annual yield of the mines of this country probably does not 
exceed 3,000 tons. 

In France there were formerly mines of considerable interest at 
Chessy near Lyons. These dej)Osits, which occurred at the junction of 
mica-slate with Triassic and Jurassic rocks, largely consisted of azurite 
and cuprite ; but after furnishing the cabinets of Europe with the finest 
known specimens of these minerals, they have become exhausted. 

The most important copper-producing district of Prussia is that 
around Mansfeld, where mining has for centuries been carried on in the 
Kupferscliiefer, immediately beneath the Zechstein. The copper-bear- 
ing stratum seldom exceeds 18 inches in thickness, but extends with 
wonderful regularity over an area of many square miles; tlie portion 
which is smelted constitutes a comparatively small proportion of the 
seam, and contains copper in the form of enclosed particles of various 
disseminated sulphides. The proportion of copper in the ore treated 
averages about 2| per cent., while that of silver does not exceed ^V^h of 
1 per cent. For several years past the various ^lansfeld establishments, 
wliich are wmrked with consummate skill, have treated about 500,000 
tons of schist annually, and, in addition to above 11,000 tons of copper, 
have yielded tine sdver to the annual amount of about 154,000 lbs. 
avoirdu]>oi.^. A small quantity of copper is produced in the neighbour- 
liood of Siegen and in Lower Silesia. The production of copper ore in 
tlie German Empire in 1881 reatdied a total value of £716,495. 

The ju’incipal copper mines of the Russian Empire are in the Ural 
Mountains, the Altai, tlie Caucasus, and in Finland ; but the latter are 
of minor importance. Tlie eopjier ores of the Caucasus are said to be 
abundant, and tliere is evidence of their having been worked at a very 
early perioil ; the present yield of these mines, as well as of those in 
the Altai, is inconsidenible. There are mine.« in the Ural Mountains, as 
well as on their western flank, where certain beds of Permian age are 
cupriferous, and ]iosbess a remarkable analogy with the Kupferscliiefer 
of Mansfeld. The amount of copper furnished yearly by Russia is esti- 
mated at about 5,000 tons. 

Ujiper Hungary and the Banat produce copper; the copper mines of 
the Schomnitz district have decreased in importance. The total produc- 
tion of copper in the Austrian empire including Hungary was in 1882 
10,800 tons of ore, of a value of £63,600. 

The quantity of copper furnished by the Scandinavian peninsula is 
small, but has somewhat increased within the last ten years. The mines 
of Alten, in Norway, are said to be in the most northern position of any 
in the world, being in latitude 70°. The mine of Vigsnjes is of consider- 
able importance, as are also those of R0ros, where the ore is disseminated 
in chloritic slate, forming metalliferous beds. The copper deposits of 
Sweden resemble those of Norway. There are eight groups of mines 
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or mining districts, principally in the province of Dalecarlia. Fahlun 
has been celebrated for its copper mines ; but its importance is mucli 
diminished, and it is now to some extent exhausted ; the ores are poor, 
and do not yield above 4 per cent of metal after being hand-picked. 
The annual production of copper in Sweden and Norway is estimated at 
about 3,000 tons. 

The amount of copper now produced from Spanish pyrites is very 
large. The most remarkable deposits are those of Rio Tinto and Tharsi<, 
both situated in the province of Huelva. These mines were extensively 
worked during the Roman occupation of tlie country, and subsequently 
by the Spaniards. Within the last twenty years, however, they have 
passed into the liands of powerful llriti-h companies, by whom they 
have been extensively and systematically develo[)ed. 

In Portugal, at San Domingos, near the mouth of the River Giiadiana, 
there are extensive mines of cupriferous pyrites worked by Messrs. Mason, 
Barry <fe Co., of London. 

From these three mines some 550,000 tons of cupriferous pyrites are 
annually imported into this country, whicli on an average contain about 
3 per cent of copper. This pyrites is first burnt for the production of 
sulphuric acid, and the resulting ciwh r subsscquently treated for copper by 
the wet process. The total annual production of copper from the Spanish 
and Portuguese 'mines, including copper-precipitate, was estimated in 
1872 at 13,000 tons ; at the present time tlieir total yield is probably 
not very far short of 50,000 tons. 

The only copper mines of any imi)ortance worked in Italy are those 
of Monte Catini, which are deposits for the most part enclosed in ser- 
pentine. A certain amount of copper ore of goc^d quality was formerly 
exported from Turkey, and copper ores occur at Tenes and near Mouzaia, 
in Algeria. At the latter place the veins are enclosed in rocks high in 
the geological series, belonging, it is believed, to the Cretaceous period. 

Copper is found in the !^*>t Indies and in Japan ; about 1,500 to 
2,000 tons annually are said to be exjiorted fnun the latter country. 
South Australia pro<luces large quantities of rich copper ores, yielding 
metal of good qualit}' ; a large portion of this ore is now smelted in the 
colony. The celebrated Burra Burra mine, eighty-six miles from Adelaide, 
was first opened in 1845, and at once began to yield large quantities of 
the red oxide and green carbonate of copjier. In 1850 the production 
from this mine was 18,962 tons of ore, averaging from 24 to 26 per cent, 
of copper. The production of the Burra Burra is now inconsiderable, but 
tlie total annual peld of the Australian colonies probably exceeds 12,000 
tons of metallic copper. 

Large quantities of copper ore have for some years been imported 
from the Cape of Good Hope. The value of the copper ores pri^uced 
in Namaqualand during the year 1882 amounted to £331,546. 

Among the important copper mines of Chili are those of Carrizal, 
north of the valley of Huasco, those of San Juan and La Uiguera, 
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between Hnasco and Coquimbo, besides numerous others in the vicinity 
of Coquimbo, Large quantities of gold were obtained from the upper 
portions of the veins in this district previously to the close of the last 
century ; as the production of gold fell off that of copper increased. The 
present annual production of copper in Chili and Bolivia is estimated at 
about 40,000 tons. A portion of the ore is smelted in the country, and 
the remainder either run into regulus, or exported in the raw state. The 
coi)per mines of Peru are but imperfectly developed, and the annual 
returns small. The mines of Cuba were formerly of great importance, 
but of late years their production has almost ceased. Copper ores are 
found scattered in considerable abundance throughout Mexico, but the 
mines of this metal are not worked to any considerable extent. 

The most important copper-producing regions of the United States 
are tliose of Michigan on the southern shore of Lake Superior, and 
tliose of Arizona and Montana. On Lake Superior copper is found in 
trappean rocks and their associated conglomerates, which, for the most 
part, cover beds of sandstone, ascribed by Whitney to the Lower Silurian 
j)criod. The most remarkable feature of this district is that the copper 
does not exist in the form of an ore, but almost exclusively as native 
metal. Ma.sses of nearly pure copper weighing over 400 tons have some- 
times been met witli, and required to be cut with chisels into fragments 
of convenient size before they could be brought to the surface. The 
bulk of the produce is, however, obtained by stamping and washing rock 
containing from | to 4 per cent, of copper. Copper pyrites occurs, to 
some extent, in the sandstones and limestones of tlie Mississippi Valley, 
but the deposits are not extensively worked. Copper-bearing veins are 
found in numerous localities, extending from Vermont to Tennessee, and 
are mined in various places. In Montgomery and Chester Counties, 
rennsylvania, copper veins travei*sing Xew Red Sandstone and older 
m(‘tanu)rphic rocks have been sometimes worked. The total production 
of copper in the United States was, in 1872, 12,600 tons, since which 
date, by the oj)ening of fresh mines, &c., chiefly in Arizona and Montana, 
the quantity has increased to ncaily 75,000 tons. 

In Canada there are the copper mines on the north shore of Lake 
Iluron, and at Acton and Harvey Hill in the neighbourhood of Quebec ; 
but the annual production of the Dominion is very small. 

The present production of copper in the whole civilized world is 
estimated at but little short of 230,000 tons per annum, whilst in 1872 
the quantity probably did not exceed 130,000 tons. 

Tile table on p. 400, by Messrs. Henry E. Merton & Co., gives, with 
a very near approach to accuracy, the total production of copper during 
the years 1880 to 1885 inclusive. The figiires marked with an asterisk 
are estimations only. 
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The imports and exports of copper to and from the United Kingdom 
during the five years ending 1884 were as follows : — 



1880. 

1881. 

1882. 

1883. 

1884 

Imports . 

Tons 

91,667 

Tons. 

84,190 

Tons. 

93,279 

Tons. 

102,857 

Tons. 

113,610 

Exports . 

59,485 

61,692 

55,684 

59,351 

' 64,692 


Assay of Copper Ores. 

Cornish Dry Assay. — In an exhaustive paper by M. Moissenet, pub- 
lished in the ‘ Annales des Mines/ ^ on the English method of assaying 
copper by the dry way, he very justly remarks that within certain limits 
this process is not less practical from being somewhat inexact ; its object 
is rather to furnish the smelter with the commercial value of an ore than 
to indicate the exact amount of copper whicli it contains. In point of 
fact, the Cornish assay affords, on a small scale, results similar to those 
obtained by the smelter on a large one, and any impurities prejudicially 
affecting the produce in the one case, will equally affect the results in tlie 
other. 

Einjiloyod. — The furnace employed for copper -assaying 
in Cornwall is an air-furnace of the form represented in fig. 28, p. 154, 
and should be about 10 inches long, 9 inches wide, and 14 inches in 
depth to the grate ; in a furnace of the dimensions stated, three fusions 
for regulus, or four calcinations, may be made at the same time. The fuel 
is invariably coke ; but the size and number of the furnaces used vary in 
accordance with the requirements of the assayer. 

The well-known Cornish crucibles are always employed. They are 
usually sold in nests of two, and, less frequently, of three. The largest 
size, about 4 inches in height, is used for calcining ores and for fusions 
for regulus ; the small and middle-sized pots are employed for calcin- 
ing regulus, fusion for coarse copper, and refining, according to the 
richness of the ore and the quantity operated on. These crucibles are 
generally used without covers, and wlien several assays are being made 
simultaneously, in order to prevent mistakes, each is marked with a mix- 
ture of red oxide of iron and water before being placed in the furnace. 

The assayer, in addition to various tongs of convenient shapes for 
liandling red-hot crucibles and removing tliem from the fire, must be 
provided with stirring-rods, mould-plates for receiving the fused assays 
when poured from the crucible, hammers, chisels, an anvil for testing 
the copper buttons, bronze or cast-iron mortars, an iron slab about 18 
inches square for breaking down slags upon, and sieves about 9 inches in 
^ Vol. 6* S^rie xiii. p. 183. 



402 ELEMENTS OF METALLUEGY. 

diameter with from forty to fifty meshes to the linear inch, for preparing 
simples. He also requires copper scoops for transferring fluxes, &c., to 
tlie crucibles, a regulus-bowl aliout 10 inches in diameter and 5 inches 
in depth, kept ]mrtially filled with water for cooling the poured assays, 
having ii small annular shedf running round it below the water-level on 
which the assays to be cooled are placed. Forceps for picking up copper 
buttons, drc., a ladl«» fi»r drying samples or washing ores, and flux-spoons 
for measuring out fluxes art* also neces*5ary. The flux-s}>oon is made of 
copper, and is usually 1 J inch in width and J inch deep ; a balance 
capable of turning with grain when laden with 500 grains must be 
likewise provided. 

Special weights, of which the unit is termed a are used by 
Cornish assayers for the purpose of facilitating calculation ; the system 
adopted is to divide 400 gi‘ains into 100 cents, taken as a standard, 
the smallest weight being or 0*25 grain. Assays are reported on 
100 parts and the unit subdivided into and 

duce of a sample is stated to be 7J, 8|, 12|, 17J, &c., per cent. The 
fluxes and reagents used are as follows : — Common salt, dried or fused 
borax, glass free from lead, lime, fluor-spar, nitre, soda-ash, tartar or 
cream of tartar, sulphur, charcoal or finely powdered coal, iron pyrites, 
and white flux for refining. 

Refining or wdiite flux, is prepared by deflagrating in a large crucible 
three parts, by measure, of nitre, two of cream of tartar, ami one of 
common salt ; carbonate of sodium, or carbonate of potassium, mixed with 
a small percentage of nitre, may be used in place of ordinary refining 
flux. 

Preliminary Examination. The samples to bo assayed usually reach 
tlie assayer in a moist state in brown-paper parcels, each W’eighing about 
IJ^ lb. After drying at a temperdture somewhat above 100“ C., each 
sample is ground, sifted, and mixed. If the ore is one w*hich the assayer 
has not been in the habit of testing, a small portion of it is washed, 
on a shovel, in an evaporating dish, or in a drying ladle ; this is done 
with a view of ascertaining, approximately, its quality and the proportions 
of copper, sulphur, arsenic, gangue, &€., it contains. By practice in this 
manipulation it becomes easy to determine beforehand whether, in the 
next operation, the ore will or will not require calcination, whether nitre 
or sulphur should lie added, &c. An experienced assayer will in most 
cases, by a simple inspection of the sample, decide correctly as to the 
mode of treatment to be adopted. It is consequently ordy in cases of 
doubt that washing is resorted to. 

Method of Conducting an Assay . — The characteristic peculiarity of 
the Cornish method of assaying is the general preliminary concentration 
of the copper in the form of regulus. Until within a comparatively 
recent date this method of treatment was universal, and even rich car- 
bonates and oxides were always assayed on this principle. The relative 
proportions of the various fluxes employed, as well as the smaller details 
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of manipulation, are varied by different assayers in accordance with the 
results of their individual experience ; but in all cases the Cornish 
method of assaying comprises the following operations : — 

1. Fusion for regulus. 

2. Calcination of the regulus. 

3. Fusion for coarse copper. 

4. Refining. 

5. Treatment of the slags for the copper they contain. 

1. Fusion for Regulus , — The quantity of ore operated on varies in 
accordance with its richness in copper ; 400 grains are commonly used 
for ores containing under 10 per cent, of copper; 200 grains for ores 
between 10 and 30 per cent., and 100 grains for samples in which the 
copper amounts to more than 30 per cent. The fluxes are not weighed, 
but merely measured in the flux-spoon, their proportions being so ad- 
justed as to yield a fusible slag with the gangue and oxide of iron, 
resulting from the oxidation of pyrites, &c. They should also produce a 
slag wliich separates easily from the regulus, and the amount of nitre, 
sulphur, &c., should be such as to result in the formation of a regulus 
containing about 50 per cent, of copper. 

Yellow copper ore, without admixture of iron pyrites, contains a 
larger amount of iron and sulphur than is required to form a regulus of 
the richness desired. 

Vitreous copper ore, on the other hand, requires iron and sulphur, 
in order to produce a proper regulus. These may bo supplied by the 
addition either of iron pyrites or of a mixture of sulphur and oxide of 
iron. 

In order to obtain from copper pyrites a button of regulus containing 
about 50 per cent, of copper, it is necessary to oxidize a large portion of 
the sulphur present. This may be done by a partial roasting (“ warm- 
ing’^), by partial roasting and the addition of nitre in the subsequent 
fusion, or, simply, by the addition of nitre. Either of these methods 
may be adopteil ; the first and second require considerable experience 
with regard to the amount of roasting necessary, but the third is more 
direct. 

Rich oxides and carbonates may be fused directly for coarse copper, 
care being taken to retain the slags for subsequent treatment; native 
metal and bar- copper only require refining. 

The raw, or more or less calcined ore is intimately mixed with the 
various fluxes required, introduced into a crucible of the largest size, and 
over the whole is spread a layer of dried borax. When a preliminary 
roasting has been resorted to, the crucible employed for that purpose 
must be preserved for the subsequent fusion. This roasting is conducted 
in crucibles, which, when placed in the furnace, are packed round with 
coke to their full height, so that they may be as uniformly heated as 
possible. A dull-red lieat is maintained during the operation, which is 
continued until the blue flame, due to burning sulphur, ceases, and this 
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usually occupies about ten minutes ; if much iron pyrites is present more 
time will be required. During the first part of the fusion for regulus 
effervescence takes place from the escape of various gases, but this 
gradually subsides, until, at the close, the surface of the slag becomes 
perfectly tranquil. The crucible is now removed from the furnace, and 
after having received a rotatory motion for the purpose of washing down 
any particles adhering to the sides, its contents are rapidly poured into 
an iron mould. 

As soon as the slag has solidified, the assay is seized with a pair of 
copper forceps, dipped two or three times into water, and left to cool on 
the circular shelf fitted around the inside of the regulus-bowl. This has 
the effect of fissuring the slag in all directions and causes the regulus to 
separate easily from it. Should any slag adhere to the button obtained, 
it will generally be on the upper surface, and may be removed by a slight 
tap from either a light hammer or the edge of a spatula After the 
regulus has been thus carefully separated from the slag, the latter must 
be examined to see that it contains no enclosed globules of regulus. If 
any are found, they must be picked out and added to the principal button 
previously obtained, care being taken to avoid the addition of particles 
of slag. In order to save time, the regulus is som(‘times poured into one 
cavity of the mould and the slag into another. In order to do this suc- 
cessfull}', however, a considerable amount of practice is reijuired ; but 
if there is any doubt of the cleanness of tlie slag, or the regulus has not 
been perfectly separated from it, it may be r(»-melteil with the addition of 
a little sulphur. The button of regulus thus obtained must bo added 
to that previously separated from the <lag by jiounng. 

A good regulus should be reddLsh-brown in colour, slightly convex on 
its upper surface, very much fissured, and easily reduced to powder. 
AYhen the regulus is too coarse it is nmre or less Hat. and is often vesi- 
cular on its upper surface ; it is also <*o!uparatively hard, and varies in 
colour from iron-grey to brass-yellow. When a coarse regulus has been 
obtained there is but little f<*arof the slag retaining co]>j)er, but the cal- 
cination of the regulus is not so readily effected. When the ore ojierated 
on is very poor, it is sometimes desirable to obtain a coarse regulus in 
order to insure the complete separation of the coji^Kir. 

When regulus is too fine^ the button is more or less spherical, and is 
smooth, bright, and semi-metallic in ajipearance. Externally its colour is 
nearly black, but when freshly broken the fractured surface is of a dark 
bluish-grey colour, and presents a very compact structure. Such a 
regulus is more difficult to calcine than one which is not so fine, and 
there is also in such cases danger of the slags retaining a certain amount 
of copper. 

2. Calcination of the liegxdus , — The regulus is first reduced to a fine 
powder in an iron or bronze mortar ; after its removal a little coke-dust 
is rubbed down in the mortar for the jmrposo of removing the last 
particles and is added to the powdered regulus. In this finely divided 
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state the mixture is introduced into one of the smaller or middle-sized 
crucibles, according to the quantity of regulus to be operated on, and 
several calcinations are carried on in the furnace at the same time. The 
furnace is filled with fresh fuel to within a short distance of the top, and 
the crucibles are arranged upon it with a slight inclination forward, so 
that air may readily pass over the surface of the powdered regulus. A 
round stirring-rod of wrought-iron, about diameter, 

flattened at one end to a chisel-edge, and having a ring turned at the 
other, is inserted into each crucible ; when not held in the hand, these 
are allowed to lean against a support in order that they may be 
retained in their positions. The calcination is commenced at a dull-red 
heat, which is gradually increased to bright redness, in proportion as the 
contents of the crucible are enabled to bear it, without becoming agglo- 
merated. The time necessary for complete calcination is usually about 
half an hour ; stirring must be constantly kept up during the first fifteen 
or twenty minutes, after which it need only be occasional. When 
clotting occurs, tlie regulus must be removed from the crucible, ground 
with a little coke-dust, and again calcined ; if, however, agglomeration, 
to any considerable extent, has taken place, it is better to throw away the 
assay and begin afresh. The calcination is complete when the odour of 
burning sulphur is no longer evolved, and the sample is then said to have 
b(*en roasted sweet. When this occurs, the crucible and rod are removed 
from the fire, and when cold, any portion adhering to the rod is carefully 
scraped off into the crucible. The same crucible is employed for the 
subsequent fusion. The calcination both of the raw ore and regulus is 
sometimes conducted in a scorifier heated in a muffle-furnace ; calcination 
is more readily effected by this means and the operation is much expe- 
dited, but in Cornwall it is almost universally performed in crucibles. 

3. Fusion for Coarse Cojiper . — The flux employed for this operation 
is usually a mixture of tartar and nitre in such proportions that the tartar 
is in excess of the amount required to make carbonate of potassium by 
ignition witli the latter. In addition to this some assayers add borax, 
others use pounded glass, some use neither, while many employ common 
salt. In the metallurgical laboratory of the Koyal School of Mines a 
mixture of tartar or charcoal with sodium carbonate is employed, but the 
amount reipiired will of course depend on the weight of calcined regulus 
to bo treated ; the addition of an excess will not, however, be attended 
with serious inconvenience. A mixture of 50 grains of nitre, 180 of 
tartar, and 36 of borax, is sufficient for the reduction of a calcined 
regulus weighing, previously to roasting, from 48 to 50 grains. For a 
button, weighing from 90 to 100 grains, 85 grains of nitre, 220 of tartar, 
and 50 of borax should be employed. Those amounts are not, however, 
weighed, since, with practice, it becomes easy to measure, with sufficient 
accuracy, the quantities required. 

The calcined regulus is mixed with proper fluxes in the crucible 
employed for its calcination, and is then introduced into a fire of coke 
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heated to bright redness ; fusion takes place in from ten to fifteen minutes, 
and as soon as the effervescence ceases the melted contents are poured 
into a mould. When the slag has become set, the assay can be cooleil 
by being dipped into water, or it may be allowed to remain in the mould 
until sufficiently cold to handle. The slag should be black and glassy, 
and neither it nor the inside of the crucible should present any streaks 
or patches of red, due to the presence of copper. These slags are re- 
tained for subsequent fusion, although in many cases they are practically 
free from copper. 

4. Refining . — The crucible employed in the previous operation is 
placed well down among the coke in the assay-furnace, in such a position 
as to be directly under the line of junction of the two bricks forming the 
cover, and when it has become red hot the button of coarse copper is 
dropped into it. The furnace is now nearly closed, and the operation 
closely watched through the opening between the bricks. Fusion is soon 
effected and a slight evolution of gas takes place from the dull surface of 
the metal. After the expiration of a short time the film of oxide begins 
rapidly to disappear from the surface of the button, which becomes per- 
fectly bright at the edges, and reflects a bluish-green light from its centre, 
producing the appearance technically known as the “eye” or “star,” 
Some refining flux, ^ or refining flux and salt, previously placed in a copper 
scoop ready for immediate use, is now introduced upon the top of the 
fused button, and the furnace is again closed In about two minutes 
after the introduction of the flux the crucible is withdrawn from the fire 
and its contents rapidly poured into a mould When it has sufficiently 
set, the button, which is covered with slag, is removed between the jaws 
of a pair of forceps and held with its lower side beneath the surface of 
the water in the regulus-pan ; by this means the slag is easily detached. 
The whole operation of refining does not usually occupy above seven 
minutes. The button of cop})er when fine is nearly flat and has its upper 
surface coated wdth a thin film of an orange-red colour. The metal in 
this condition is soft, malleable, and tough, breaking with difficulty, and 
presenting a closely fibrous fracture. It is, however, more commonly 
somewhat dry, presenting a slight depression on its upper surface, and 
when broken exhibiting a granular fracture which has a purple tint. 
When not sufficiently refined, the button, both externally and wlien 
broken, presents, to a certain extent, the appearance of coarse copper ; 
in this case refining must be repeated. Salt is generally used in refining, 
as it not only checks the too rapid action of the refining flux, but also 
probably aids in the separation of antimony, arsenic, &c. 

5. Treatment of the Slags for Copper . — The slags resulting from the 
operations of reducing and refining are subsequently treated by fluxing 
with a couple of spoonfuls of tartar or a little powdered charcoal. By 
this means the copper retained by the slags will assume the form of a 

^ Made by igniting together three volumes of tartar, two volumes of nitre, aud a 
small quantity of salt. 
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small button ot the weight of which must be added to that of the 
principal button. The prill obtained usually weighs from 1 to 5 grains, 
according to the nature of the assay and the skill of the operator, 
Cornish assayers refine the copper thus obtained from re-melting the 
slags, but the quantity is often so small that the error resulting from 
omitting this operation would practically be unimportant. 

German Method of Assaying. — The method of conducting copper 
assays in some of the smelting establishments of Central Europe differs 
in several particulars from that adopted in this country, and the results 
obtained are stated to be somewhat higher. 

The apparatus employed consists of an ordinary muffle - furnace ; 
small egg-shaped crucibles provided with a foot; scorifiers of fire-clay 
about inches in diameter, and an assortment of tongs, hammers, &c. 
In addition to borax, salt, glass, powdered charcoal, and graphite, 
metallic lead is also employed ; black flux, prepared by deflagrating a 
mixture of two parts of crude tartar and one of nitre, is used as the 
reducing agent. 

The process includes the three following operations : — 

1. Roasting ; calcining. 

2. Melting for coarse copper. 

3. Refining. 

1. Roasting ; Calcining , — About 4 grammes of dry ore are weighed 
out, mixed with one gramme of powdered graphite, and spread upon the 
bottom of a scorifier. This is introduced into a heated muffle and is 
almost continuously stirred during fifteen or twenty minutes, after the 
lapse of which time sulphurous fumes should be no longer given off. 
The scorifier is then removed from the muffle and alloweil to cool, the 
assay carefully Ijrushed from it into a bronze or cast-iron mortar, where 
it is finely ground, and, after being again mixed 'with 1 gramme of 
pulverized graphite, it is subjected to a second calcination similar to the 
first At the ex}>iration of about fifteen minutes the mass will have 
generally assumed a reddish-brown apjx»arance, and the evolution of 
sulphurous fumes will be no longer perceived. 

When either lead or antimony is present in an ore, the roasting 
requires to be conducted with considerable care, since if the assay were 
too strongly heated its surface would become fused, and its further 
calcination materially interfered with. 

2. Melting for Coarse Copper . — After roasting, the metals in the assay 
will be principally in the state of oxides, and the object of the fusion, 
which now follows, is to collect the whole of the copper in the metallic 
form, while the principal portion of the metals with which it is associated 
passes into the slag as silicates. The calcined ore is carefully removed 
from the scorifier or roasting-dish, and is mixed in a mortar with from 
3 to 3^ grammes of black flux ; this mixture is introduced into the 
crucible, and upon it are placed, without mixing, 8 or 9 additional 
grammes of black flux ; on this are placed 1 J to 2 grammes of powdered 
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glass and 1 gramme of borax. Instead of black flux, a mixture of one 
himdred parts of carbonate of potassium with from ten to twelve parts 
of wheaten flour may be employed. The whole is covered by a layer 
of from 8 to 12 grammes of common salt, and lastly, a piece of cliarcoal 
of the size of an ordinary bean is added. The crucible is now covered 
and placed in the muffle, where it is gradually raised to a white heat, 
the fusion being completed in about thirty or thirty-five minutes. 
When complete fusion has been effected, and the slag is in a perfectly 
liquid state, the crucible is withdrawn from the muffle, and, after being 
allowed to cool, is broken and the button of metal extracted. This must 
not be covered by a crust of sulphides, and the slag should be glassy, 
and of a dark-green colour, without any traces of red. 

3. Refilling , — As in the case of the Cornish assay, this process has 
for its object the removal from the copper of the various other metals by 
which it is contaminated. In order to effect this, advantage is taken of 
the property possessed by copper of remaining, practically, unchanged 
when exposed in a fused state to the action of a current of air, so long as 
a more oxidizable metal is present. The metals tlius oxidized in the 
presence of borax, which is added for that purj)OS(*, are taken up and 
carried off as a fusible slag. The scoritier employed for refining the 
coarse copper often consists of a fragment broken from the side of a 
pot in which a fusion has been already effected ; in this, wliich has been 
previously heated to bright redness in the muffle, is placed the button 
of copper to be refined, wrapped in pajier with its own weight of borax. 

As soon as the copper shows a convex perfectly clear surface*, and is 
suiTounded by a thinly fluid ring of borax, the mouth of tlie inutile is 
opened, and a current of air allowed to play over its surface^ If the 
surface of the copper be not clear, but is covered wdtli a black coating, 
at the time the muffle is at a white heat, a further addition of borax must 
be made. Should this not result in the production of a bright surface, 
a small piece of lead mu^t be dropped into the scoritier and tlio heat 
of tlie furnace increased to its maximum. When the button of coarse 
copper is very impure and does not contain much above one^half its 
weight of pure cop])er, it must be first placed on the scorifier with 
borax only, the lead being added towards the close of the operation. A 
small portion of the lead thus added escapes in the form of fume, wliile 
the greater part passes into tlie slags. Arsenic is to a very great extent 
volatilized, but a portion is retained in tlie slag. The removal of nick(d 
by scorification is extremely difficult and necessitates a large addition of 
lead, which results in a loss of copper. 

When the copper has become fine it hrightem like silver, but less 
distinctly. Care must be taken that the temperature of the muffle at the 
moment of brightening does not much exceed that at which pure copper 
solidifies. The assay, which in brightening exhibits a peculiar greenish 
light, is now removed from the furnace, cooled, quenched in water, fre(‘d 
from slag, and weighed. A good assay button is exteriorly of a pure 
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copper-colour, is ductile, uniformly granular, and rose-red in the fracture. 
When a button has not been sufficiently refined it is externally red, but 
its fracture is grey ; an over-refined button is dark red on the surface 
and brittle, the fracture being rather smooth than granular. 

Refining on the cupel is in use in some of the smelting- works of the 
Harz ; it is not more accurate than the above, although perhaps more 
suitable for copper containing large quantities of lead. 

Wet Assay op Copper Ores. — Precipitation by Metallic Zinc or 
Iron. — This method of Cbtimating copper is especially adapted for ores 
containing little or no arsenic, and consists in attacking the mineral to 
be examined by a mixture of nitric and hydrochloric acids, the sub- 
sequent expulsion of the nitric acid, and lastly, the precipitation of the 
copper from its chloride, by metallic zinc or iron. 

The mineral to be operated on must be first ground and passed 
through a fine sieve. Of this powder, 100 grains are weighed and intro- 
duced into a narrow-necked flask of German glass. Nitric acid is now 
cautiously added, and the flask gently warmed on a sand-bath ; since if 
it were too suddenly heated, or too large a quantity of acid were added* 
at a time, violent ebullition might ensue, and a loss on the assay be the 
result. 

When the evolution of nitrous vapours entirely ceases, or they become 
much diminished in quantity, add gradually hydrochloric acid, place the 
flask in an inclined position on the sand-bath, and cause its contents to 
boil gently. This must be continued until the residue, if any remain, 
appears to be fr(*e from metallic stains. 

The contents of the flask must now be carefully transferred to a 
porcelain dish and evaporat(»d to dryness, with the usual precautions. 
When sufficiently cool, moisten the residue with hydrochloric acid, heat 
gently, and afterwards add water, boil, and filter into a beaker. 

A piece of zinc or polished wrought-iron, about 2 indies in length, 
I inch in width, ami ^ inch in thickness, is now attached to a string and 
lowered to the bottom of the beaker. It is essential to the success of 
this operation that tlie whole surface of the metal should be completely 
covered by tlie liquid, otlierwise a portion of the precipitate would 
become oxidized and the results vitiated. The contents of the beaker 
must now be kept in gentle ebullition until the whole of the copper 
present has been tlirown down, which is ascertained by the liquor becom- 
ing colourless. Tiiis may be confirmed by trying a drop of the liquid on 
the surface of a piece of clean sheet-zinc, or by the blue colour produced 
by the addition of ammonia in excess to solutions containing copper. 

After having ascertained that the whole of the copper has been 
thrown down, carefully clean with a feather the piece of metal which 
has been used as a precipitant, and then decant off the supernatant liquor 
by the aid of a small glass syphon, and repeatedly wash with warm 
water, until the precipitated copper is entirely free from any traces of 
chloride of zinc or chloride of iron. 
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The washing water is finally decanted, leaving the pi^ecipitated copper 
in the bottom of the beaker, which is now placed in a water-bath or in a 
warm place near a furnace, until it has become completely dried. 

In this operation it is necessary to so regulate the heat as to prevent 
the oxidation of the copper, by which the accuracy of the result would 
be impaired. 

The copper thus obtained is subsequently brushed into a watch-glass, 
by the aid of a camel-hair brush, and weighed ; on deducting from this 
weight the tare of the watch-glass, the result represents the percentage 
of copper present. 

When the mineral operated on contains either lead or antimony, no 
appreciable trace of these metals will be found in the copper precipitated. 
If large quantities of lead be present, it is, however, best to add sulphuric 
acid or sodium sulphate, and to filter previous to the precipitation of the 
copper. 

If no perceptible oxidation of the precipitated copper has taken place, 
its weight will sufficiently indicate the produce of the ore; it is, however, 
safer to check the result so obtained by converting the metallic copper 
into cupric oxide, from the weight of which the yield of the ore is 
readily calculated. The conversion of the finely divided copper into 
cupric oxide may be effected by exposing it to a red heat, in an uncovered 
porcelain crucible, until its weight becomes constant ; or the coj){)er may 
be transformed into nitrate by the addition of a few drops of nitric aciil, 
and cupric oxide obtained by subsequent ignition. As this oxide is 
highly hygroscopic it must be weighed rapidly, and while still warm. 

More accurate results may, however, be obtained by dissolving the 
precipitated copper, and estimating its amount by one of tlie following 
volumetric methods. 

By Potassium Cy^axide. — This method of estimating copper was first 
made known by Mr. Henry Parkes in 1851, and is one of the most 
convenient and accurate of the various processes for assaying copp(‘r 
ores by means of standard solutions. This process depends on the cir- 
cumstance that when cyanide of potassium is add(*d to a blue amnioniacal 
solution of copper, the latter gradually loses its colour and finally becomes 
colourless. The amount of cyanide necessary to discharge the whole of 
the colour from an ammoniacal solution is, all other circumstances being 
the same, directly in proportion to the quantity of copper present ; it is 
consequently easy, by means of comparative experiments, to establish a 
standard by which the amount of copj)er in a given weight of ore may 
1)6 determined. 

The only apparatus required is an ordinary Mohr’s burette of 50 c.c. 
capacity and 18 inches in length; this is supported vertically by a 
wooden stand, which admits of its being either raised or lowered by 
means of arms with screws sliding upon an upright pillar. A great 
number of assays may be conducted at one time by the same person by 
the aid of a senes of such burettes arranged on a stand and supplied 
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"with the same titrated solution. Where a large number of assays have 
to be made daily, the burettes may be connected with a large stoneware 
or glass jar, supported on a convenient shelf, containing the titrated 
solution, with which they are filled by syphons connected with the 
bottom of each, by glass T-pieces and indiarubber tubes provided with 
spring clips. 

The best cyanide for this purpose is that known as photographic 
cyanide, as solutions prepared from it may be kept a long time without 
becoming either discoloured or muddy. To prepare a standard solution, 
260 grammes of photogra])hic cyanide may be dissolved in 4 litres of 
distilled water ; this liquid should be kept in green-glass bottles free 
from lead. The solution is standardized as follows : about 1 gramme of 
chemically pure and perfectly clean copper is dissolved in dilute nitric 
acid, and the solution boiled until all nitrous fumes have been expelled ; 
it is then diluted with water, and ammonia in excess added. The blue 
solution thus obtained is made up to 750 c.c. and divided into three equal 
portions of 250 c.c. each. The burette is now filled to the level of the 
uppermost division with the standard solution of cyanide of potassium, 
and as soon as the copper solution has become quite cold, the beaker 
containing it is placed under the burette, and the cyanide of potassium 
is run into it in small quantities at a time, care being taken towards the 
close to avoid the addition of the smallest quantity more than is neces- 
sary. The cyanide solution is finally introduced by successive small 
additions until the blue colour has been completely discharged, and has 
been replaced by a very faint tint of violet. The number of divisions 
necessary for the decoloration is now read off and noted, and the second 
and third portions of the copper solution proceeded with in the same 
manner. The mean of the three results is taken, and from it is calcu- 
lated the amount of copper corresponding to each c.c. of the cyanide 
solution used. With the proportions above specified it will be found that 
about 145 C.C. are equal to 1 gramme of copper. The above is the average 
strength of the solution employed in the various copper-works in which 
that metal is extracted by the wet process from burnt Spanish pyrites. 
For the assay of richer ores a standard solution of twice the above 
strength may be conveniently employed. For practical purposes the 
stjindard will not require to be checked more frequently than once a 
week. 

In order to make an assay by this process, a weighed quantity of 
copper ore may bo placed in a flask, moistened with sulphuric acid, and 
nitric acid added. The whole is now digested at a gentle heat, with the 
occasional addition of nitric acid, until coloured nitrous fumes are no 
longer evolved. As soon as the ore has been completely decomposed, 
the contents of the flask are transferred, without filtration, to a beaker of 
convenient size, diluted with distilled water to about 300 c.c., and excess 
of ammonia added. The intensely blue solution thus obtained is allowed 
to become cold, and the separated ferric hydrate falls to the bottom, 
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where the insoluble gangue has already collected. Without separating 
these, the standard solut’on of potassium cyanide is gradually and cau- 
tiously added, with occasional stirring of the solution, until the blue 
colour has entirely disappeared and has been replaced by a faint violet 
tint The number of divisions necessary to produce this effect are read 
off, and from the quantity of solution employed the percentage of copper 
contained in the ore is calculated. The method of doing this will be 
readily understood by the aid of the following example : — 

145 divisions of the burette equal 1 gramme of copper; 2 grammes of 
copper ore require 30 divisions for decoloration ; consequently 

Divisions Divisions. Copper, Copper. 

145 : 30 :: 1 0 : 0*2069 

0*2069 X = 10*345 per cent. 

AVhen a sulphurous ore is operated on, it will, in the majority of cases, 
be completely oxidized by a mixture of sulphuric and nitric acids ; but 
should any globules of sulphur remain, they may be taken out after the 
dilution of the solution, ignited, and the residue attacked by nitric aciil 
and added to the copper already dis.^olved. The attack of smiie varieties 
of ore is best made by aqua regia. 

Owing to the influence exercised by varying quantities of ammonia 
and of ammonium .salts upon the decoloration of copper solutions by 
|K)tassium cyanide, it is necessary that both the test solution, originally 
prepared, and the various cupreous solutions subsequently assayed, should 
contain, as nearly as [lossible, equal amounts of ammonia. The presence 
of ferric hydrate imparts a greeni.^h tint to the ammoniacal .solution, and 
its proper shade is best observed by placing the eye on a level with the 
top of the liquid. 

Iron . — This metal, in the state of ferric hydrate, does not interfere 
with the results, excepting that it takes .some time to settle after the 
stirring which accompanies each addition of the standard solution ; its 
effect is con.sequently only to slightly increase the time occupied in 
making an assay. 

Lea/Z and hi»)nuih are, likewise, without effect upon the result. 

Arsmir does not interfere with the results excepting in the presence 
of iron, when it forms an arsenate giving rise to a brownish tinge in 
the liquid. The removal of the arsenic may be effected by adding mag- 
nesium sulphate in exciess. As soon as a precipitate is no longer formed, 
and the solution has acquired its characteristic blue colour, the a.s8ay 
may be proceeded with in the usual manner. 

Manrfanese is not often found in copper ore.s in sufficient cjuantities 
to materially affect the results. When present, it may be completely 
removed by adding to the ammoniacal solution sodium carbonate, with a 
few drops of bromine, and boiling; it will thus be precipitated as man- 
ganic oxide, and when the cupreous solution has become cold the assay 
may be proceeded with as though the ore had not contained manganese. 
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Silver . — Should this metal be contained in the ore in such quantity 
as to exercise, practically, any influence on the assay, it may be removed 
by adding a few drops of hydrochloric acid to the solution, and filtering 
before the addition of ammonia ; it is evident that when hydrochloric 
acid lias been used for the attack, silver cannot exist in notable quantity 
in the resulting liquor after dilution. 

Zinc, Nickel, and Cohalt — ^These metals would, if present, render the 
results obtained utterly unreliable, and in such cases the copper must be 
first separated by precipitation. This may be effected by means of a 
piece of either zinc or iron, in the way already described, care being taken 
that nitric acid is not present. The precipitate thus obtained is subse- 
quently dissolved in nitric acid, and the amount of copper present deter- 
mined by the cyanide solution in the usual way. Instead of precipi- 
tating the cojiper in the metallic state, it may be thrown down as sulphide 
by sulphuretted liydrogen, and the sulphide re-dissolved and subsequently 
estimated by ])otassium cyanide. Sodium hyposulphite may also be 
employed as the precipitant. 

By a Standard Solution of Sodium Hyposulphite. — This process, 
which has long been employed at the Royal Arsenal, Woolwich, for the 
estimation of copper in various alloys, was first described by Mr. E. O. 
Brown. ^ It is especially adapted for the estimation of copper in various 
descriptions of commercial copper and bronze, in which lead and iron are 
not j)resent in large quantities. This process is founded on the reaction 
taking place between iodine and hyposulphurous acid, which results in 
the production of hydriodic and tetrathionic acids. The completion of 
the reaction is rendered manifest by the bleaching effect exercised on a 
solution of starch added during the progress of the operation. Slight 
differences in temperature or variations in the details of manipulation do 
not materially affect the results. 

The following reagents are required : — 

1. A solution of sodium liyposulphite, prepared b}’' dissolving 1,000 
grains of the re-crystallized salt in a Winchester bottle of distilled water, 
and standardizing with pure electrotype copper, the mean result being 
taken as the correct standard. 

2. Potassium iodide, free from potassium iodates ; this may be used 
in crystals. 

3. A solution of starch, made by boiling starch in a large quantity of 
water, allowing it to stand until the insoluble residue has subsided, and 
j)ouring off* the clear supernatant liquor for use. 

To make an estimation of copper by this process, from 6 to 8 grains 
of the metal or alloy to be examined are dissolved in dilute nitric acid, 
and nitrous acid expelled by boiling. To this solution, diluted with 
a small quantity of water, sodium carbonate is gradually added, until a 
certain portion of the copper remains precipitated. An excess of pure 
acetic acid is then added, and the whole transferred to a flask of about a 

1 * Quart. Jour. Ohemical Society,’ April 1857; Percy, * Metallurgy of Copper,' p. 486. 
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pint capacity. About 60 grains of potassium iodide are now introduced, 
and allowed to dissolve. When this has become completely dissolved, 
the contents of the flask are sliaken ; the standard solution of sodium 
hyposulphite is gradually run into it from a burette, until the chief portion 
of the free iodine has been removed, and the liquid has assumed a yellow 
colour. At this stage a small quantity of starch solution is added, and 
the introduction of sodium hyposulphite continued until the solution 
becomes colourless. The number of divisions are now read off from the 
burette, and from the quantity of standard solution employed the amount 
of copper is calculated. 

For copper ores, cupriferous pyrites, burnt ores, <fec., this process should 
be slightly modified. From 50 to 150 grains of the material to be ope- 
rated upon are dissolved in nitro-hydrochloric acid, evaporated to dryness 
with excess of sulphuric acid, diluted with water and filtered. From this 
solution the copper is precipitated either as CuS, by hydrogen sulphide, 
or as CujS, by sodium hyposulphite, the precipitate dried, ignited, dis- 
solved in nitric acid, evaporated with excess of sulf)huric acid, and diluted 
with water to remove any trace of lead. To the filtered solution sodium 
carbonate in excess is added, and subsequently acetic acid to acid reaction. 
Potassium iodide is now introduced, and the amount of copper present 
calculated in the usual way. 

This process affords exceedingly accurate results, and is much em- 
ployed for the assay of cupriferous pyrites. 

Assay by Electrolysis. — In order to 
make a copper assay by this process, from 
2 to 6 grammes of the sub'^tance to be 
operated upon, according to its richness, 
should be finely pulverized and then at- 
tacked by aqua regia. When effervescence 
lias 8ub.sided, add from 4 to 5 c.c. of sul- 
phuric acid diluteil with an equal volume 
of w'ater ; evaporate to complete dryness 
and ignite. The sulphur will be thus 
burnt off, and the residue is dis-^olved by 
the addition of 20 c.c. of weak nitric acid 
and boiling, the liquid being so diluted as 
to measure about 300 c.c. Two platinum 
electrodes are now suspended in the 
filtered solution, namely, the spiral, a, fig. 
117, in connection with tlie positive pole, 
and the cone, 5, connected with the nega- 
tive pole, either of a Clamond thermo- 
electric battery, or of some other apparatus 
capable of yielding a continuous but feeble 

Fig. 117 .— Spiral and Cone. Current of electricity. The coil of pla- 
tinum wire, a, terminates in a platinum ring, supported by three 
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radial wires, fig. 118 , and must be so placed as to occupy a central 
position within the cone. Contact between any portion of the spiral 
or ring with the platinum cone would 
necessarily prevent a deposit of copper 
from taking place. 

The upper part of the platinum cone 
should project slightly above the surface of 
the liquid, and when the thermo-pile of 
Clamond is employed, complete deposition 
of the copper will be effected in about six 
hours. The operator will consequently 
prepare his solutions and place them. Fig. iis.— Platinum Ring, 
severally, in connection with a suitable battery until the whole of the 
copper has been deposited, when nothing remains to be done beyond 
washing, drying, and weighing the copper. 

In this way six or more different assays may be made at the same 
time, all the spirals being placed in communication with the positive pole 
of the battery and all the cones connected with its negative pole. 

In order to be quite certain that the whole of the copper has been 
deposited upon the platinum cones, they must, before being withdrawn, 
be lowered until they are completely immersed in the liquid. If after 
the expiration of half an hour no coating of copper has been deposited on 
the newly submerged surface, it may be concluded that the whole of that 
metal has been thrown down. 

When the operation is terminated, the platinum cones are, one after 
another, carefully removed, care being taken to preserve, as far as possible, 
connection with the battery 'while they are being severally withdra'wni 
from the liquid ; any loss that might result from the action of free acid 
upon so large a surface of copper being thus obviated. 

Each cone, upon its withdrawal from the licjuid, is first well washed 
with distilled water, dried, and %veighed. As the exact weight of each 
cone was accurately determined before the operation, the difference be- 
tween the two weighings gives the weight of copper. 

If the material to be examined is an alloy containing zinc, the 
copper is completely deposited by electrolysis wdiile the zinc remains in 
solution. 

When arsenic and antimony are present, they are precipitated in the 
metallic state upon the negative electrode in the form of a black deposit, 
which does not begin to appear until the wdiole of the copper has been 
thrown down. If either of these metals is present, the ore should be 
carefully roasted before being attacked by acid, and the cone must be 
removed from the solution on the first appearance of a dark shade over 
its surface. 

When lead is present in a solution, it is deposited chiefly in the form 
of plumbic dioxide on the positive polo ; but its estimation by electro- 
lysis cannot be correctly effected, since the composition of the deposit 
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obtained is not sufficiently constant Instead of using a thornio-pile, 
any sufficiently constant battery or a properly arranged dynamo may be 
employed. 

METALLURGY OF COPPER, 

A considerable proportion of the ores of this inetal consist of 
tim‘s of various sulphides, and all the ordinary methods em))loyed for 
their metallurgical treatment are largely dependent on the relative affinity 
for sulphur and oxygen possessed respectively by cc»pper and the different 
metals with which it is associated. Copper, at high temperatures, has 
a stronger affinity for sulphur than iron, which is the metal with which 
it is most plentifully found, possesses for the same body. Iron, in tlie 
presence of sulphur and oxygen, appropriates the latter, and, uniting 
with silica, forms a liquid slag ; while copper and sulphur, combining, 
give rise to a fusible sulphide known as regulus or matte. In almost all 
cases, therefore, the treatment of copper ores consists in a system of 
alternate roastings ^ or calcinations and fusions, by which iron is gra- 
dually removed as silicate, while copper is progressively concentrated in 
a series of sulphides, gradually increasing in richness. 

* Any oxide of coj>per that may result from tlie process of calcination 
is, during the subsequent fusion, converted into sulphide at the expense of 
sulphide of iron ; silicates of that metal and copper regulus being the 
result The siliceous slag thus carries off the larger portion of the iron 
originally present in the ore, while the regulus contains, practically, the 
whole of the copper in a concentrated form. This product is again sub- 
jected to further calcination, and afterwards fu«ed with siliceous matter, 
preferably associated with natural oxides or carbonates of copper. Another 
slag is thus obtained at the expense of the chief part of the iron retaiiUMl 
in the first regulus, while the regulus now produced is much richer in 
copper than that resulting from the first fusion. Similar oj)erations are 
repeated until impure metallic copper and a liquid slag is produced, with, 
in some cases, a small quantity of very rich regulus. Any regulus thus 
obtained is subsef^uently added to that produ<*eil from similar o])erations, 
and consequently the final result will, in all cases, be impure metallic 
copper. This is afterwards rendered ductile and malleable by a process 
of refining. 

The piocesses by which copper is obtained from its ores by smelting 
vary in different localities, and it would consecjuently be impossible to 
describe more than a very limited number at such length as to render 
them intelligible, W e shall therefore confine ourselves to a general descrip- 
tion of the most important methods, each of which may be regarded as 
typical of the class to wliich it belongs, and to a new and characteris- 

^ Copfier-smelteni in tbis country make a distinction between calcination and roast- 
ing, the latter term being by them exclusively applied to operations of the character 
of No. V. (p. 418). This difference is recognised when treating of the Welsh method 
of copper-smelting, but in all other portions of this volume the terms are employed as 
synonymous. 
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tic process, by which copper mattes are rapidly reduced to the state of 
blister* copper. The examples chosen for this purpose are : — 

1. The Welsh method of copper-smelting, as formerly conducted in 
South Wales and Lancashire. 

2. The method applied to the treatment of cupriferous schists at 
Mansfeld, Germany. 

3. The Manhes method of copper-smelting, as carried out in France. 

The first, in a modified form, is employed for a large proportion of 

the copper-production of the world, and is specially adapted for securing 
regularity of yield and the best commercial results from ores of very vary- 
ing percentage and composition. 

The second is used in the treatment of an ore which, although exceed- 
ingly poor in copper, occurs in very large quantities, contains a notable 
amount of silver, and never varies materially in composition. The 
various processes employed at Mansfeld, including those by the aid of 
which the extraction of silver is effected, are the result of an experience 
acquired during a long series of years by a succession of carefully trained 
superintendents, and the whole system has been thus brought to a high 
degree of efficiency. 

The third method of copper-smelting consists in smelting for matte 
in a blast-furnace, subjecting the re-fused sulphides to a blast of compressed 
air in a modified IJessemer converter, and refining the copper produced 
in the usual way. 

Welsh Method of Copper-Smelting. 

The ores suitable for treatment by this method may be classified as 
follows : — 

1. Copper pyrites, with iron pyrites, unmixed with either oxide or 
carbonate of copper ; the garigue is usually siliceous. 

2. Mixtures of various sulphides containing less iron pyrites than the 
above, with small proportions of native metal, and of the oxides and 
carbonates of copper ; gangue generally qiiartzose. 

3. Chiefly oxidized ores, containing inconsiderable quantities of sul- 
phur ; tliese, for the most part, consist of a mixture of oxides and car- 
bonates with a little native copper, and are usually accompanied by a 
siliceous gangue. 

The processes of copper-smelting are varied, in accordance with the 
nature of the ores to be treated and the quality of the copper it is desired 
to produce ; it now seldom comprehends more than six distinct opera^ 
tionsj but sometimes less. 

Under ordinary circumstances the following general conditions should 
be observed in making up the working mixtures : — 

a. The mixture of ores operated on (Classes 1 and 2) should not con- 
tain less than 9 or more than 15 per cent, of copper ; if poorer than the 
one, the amount of fuel consumed will be excessive, and if richer than the 
other, it- will be difficult to obtain clean slags. 

2 D 
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h. The furnace mixture should, after calcination, fuse readily, and 
afford a clean slag without the addition of any kind of flux. 

c. The matte, or coarse-metal resulting from the fusion, after calcina- 
tion, of the furnace mixture, should contain from 35 to 39 i>er cent of 
copper. 

In making up tlie working mixture, oxides and carbonates are not 
generally used, but they are subsequently employed at various stages of 
the treatment. 

It would be impossible to lay down any invariable rule to be followed 
in copper-smelting, as the ores and other cupriferous materials operated on 
by the smelter vary so considerably in character that his operations must, 
to a great extent, be guided by his personal judgment and experience. 

Neglecting small quantities of various substances exercising no mate- 
rial influence on the ultimate results, the average coin position of the ores 
smelted, some years ago, at one of the Swansea works was, according 
to Napier, as follows ; — 


Cu 

. 13 

Fe 

. 29 

S 

. 24 

SiOa . 

. 34 


100 


Of late years the very large quantities of foreign ores, copper-preci- 
pitate, and rich American mattes which have come into the market, 
coupled with the greatly reduced production of Cornish ores, has materi- 
ally affected tlie details of copper-smelting in this country. Since, by 
smelting together copper-precipitates and sulphurous ores, mattes of any 
degree of richness can be produced, the neccAsity for calcination has 
to a large extent disappeared, and there are now co]>per-works of con- 
siderable importance entirely without calciners. 

These changes in the nature of the material to be treated tend rather 
to simjdify than to complicate the process of copper-smelting ; but it will, 
nevertheless, be desirable to describe, in their proper sequence, the 
typical operations constituting the Welsh process, although certain of 
them are now often omitted. 

The six distinct processes constituting the old Welsh method of 
copper-smelting are the following : — 

I. Calcination of mixed ores. 

II. Fusion of calcined ores and viPiaX‘Hlag from No. lY. Products, 
coarsp-metal^ and ore-furnace dag, mostly thrown away. 

III. Calcination of crushed coarse-metal. 

lY. Fusion of calcined coarse-metal with ores belonging to Class 3, 
and slags from operations Y. and YI. Products, wldte-inetal or pimple- 
metal, containing from 76 to 79 per cent, of copper, and metal-dag, 
melted in operation II. 

V. Roasting the white- or pimple-metal. Products, Uider-copper, 
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containing about 99 per cent, of copper, and roaster-slag^ added to charge 
in operation IV. 

VI. Refining and toughening. Products, marketable copp&t\ and 
refinery-slag, added to charge in operation IV. 

Reverberatory furnaces are exclusively employed in tlie Welsh method 
of smelting. These are of two kinds : calciners and melting-furnaces, 

I. Calcination of Mixed Ores, — This operation is conducted in a 
reverberatory furnace, one of the forms of which is represented in 
figs. 119 and 120; the first being a longitudinal, and the second a 
horizontal section, above the fire-bridge, on the line A, 1>, fig. 119. The 
hearth, R, which is 16 feet in length by about 12 feet 6 inches in width, 
is formed of fire-brick grouted with fire-clay. The arch descends rapidly 
from the fire-place, P, to the apertures, H, by which the gases generated 
during the oxidation of the ore, together with the products of combustion, 
pass into a flue in connection with a high chimney. Air is admitted, 



either by an aperture, d, whicli may be partially or entirely closed, or by 
oi>enings in the fire-bridge, 'which is sometimes traversed longitudinally 
by a channel communicating with the atmosphere. Some of the more 
modern calciners are considerably longer in proportion to their width 
than tliat shown in the woodcut, and have a false arch or screen extend- 
ing a few feet from the fire-bridge in order to protect the ore in that 
part of the furnace from becoming too highly heated. In other cases, 
calcination is effected in a close-furnace or muffle, and the sulphur utilized 
for the manufacture of sulphuric acid. Furnaces of this kind employed 
in copper-works near St. Helens are fired with gas and provided with 
Siemens’ regenerative apparatus ; the results are stated to be satisfactory. 

The ordinary calcining-furnace, whatever may be its form, is provided 
with rectangular openings or doors, a, immediately behind which are, 
usually, openings, e, in the hearth. During the time the furnace is at 
work these holes are closed by plates, which are removed at the close of 
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each operation in order to allow of the roasted charge being raked into 
chambers, C, situated beneath. Iron bearers above the arch of the 
furnace support two cast-iron hoppers, S, in which is placed tlie ore to 
undergo the process of calcination. These are provided with sliding 
doors, by the withdrawal of which the ore may be caused to fall diiectly 
upon the bottom of the calciner. 

In the smelting-works in the neiglibourliood of Swansea clinker is 
generally allowed to accumulate m the tire-place so as to form a bed 
of considerable thickness, and upon this, which is kept sutticiently open 
to allow of the passage througli it of the necessary amount of air to 
sustain combustion, small coal is burnt. The fuel employed is often a 



Fijr 120 — Calcining-Fumacc ; section on A, D 


mixture of free-burning and binding coals, in the proportion of about two 
jiarts of the former to one of the latter. 

When the clinkers have become raised to a sufficient lieiglit from tlie 
bars, their further increase is prevented by occasionally causing the fall 
of the lower jiortioiis by the use of a long iron bar. In this way is 
formed, throughout the mass, a sufficient number of channels to yield 
a free passage to tlie air necessary for combustion, winch, in passing 
through the interstices of the heated clinker, acquires a considerable 
elevation of temperature ; these ajiertures, althougli sufficiently numerous 
for the passage of air, are too small to allow the fine coal or slcuik to 
descend into the space beneath. The oxygen of the air, whicli has be- 
come highly heated by passing through the bed of clinkers, is, on travers- 
ing the fuel, principally converted into carbonic oxide, which, together 
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with nitrogen and sundry products of distillation, passes over the fire- 
bridge into the furnace. Here the gas takes fire, and is consumed by the 
air entering either through the opening, or through the fire-bridge, as 
well as by various holes left in the doors, by which the lateral openings 
are closed during tlie calcination. In this way the whole internal cavity 
of the furnace is constantly occupied by a sheet of flame, caused by ignited 
carbonic oxide, which burns on coming into contact with a stratum of 
atmospheric air so admitted as to spread immediately over the surface of 
the hearth. The ore is consequently exposed to a current of air, above 
which is a parallel sheet of burning carbonic oxide, which is inflamed 
where it comes in contact with the oxidizing stratum, and thereby affords 
the heat necessary to carry on the operation. 

The working of a charge of ore commences without any interval in 
the action of the furnace, and is begun immediately after the withdrawal 
of the calcined ores resulting from the preceding operation. The charge 
varies in weight from 3 to 4 tons, and is introduced by withdrawing the 
dampers from the bottom of the hoppers, in which it is placed during 
the working of the preceding charge. As soon as it has been let down, 
it is spread evenly over the surface of the hearth by long iron rakes, 
introduced through each of the working-doors, which are closed when 
the bottom of the furnace has been properly covered. After the expira- 
tion of two hours the doors are again removed, and the ore is stirred with 
iron paddles, in order to expose new surfaces to oxidizing influences. 

This operation is repeated at intervals, and after the expiration of from 
eighteen to twenty-four hours the calcination is sufficiently advanced. 
In order to withdraw the charge, the workmen open tiie workingnloors, 
a, and after having removed the plates covering the openings, e, they 
draw the ore through the apertures with iron rakes, and cause it to fall 
into the arched chambers, C, from which, when sufficiently cooled, it is 
removed and charged into the melting -furnace employed for the next 
operation. 

II. Fmion of Calcined Ores with Raw OreSy Slagsy ^c. — The furnace 
in which this operation is conducted is represented in figs. 121, 122, and 
has a hearth. A, about 14 feet long by 11 broad ; the first of these figs, 
is a longitudinal, and the second a horizontal section. The fuel employed 
in South Wales often consists of a mixture of free-burning and caking 
coal, consumed on an open fire-grate, F. In Lancashire, free-burning 
coal only is used. Sand is made use of for the bottom of this furnace, 
which is so lowered at the part B as to afford a sort of internal basin. 
To form a charge, calcined ore, from operation I., is fused with slags 
from operation IV., the products obtained being a regulus known as 
coarse-mefal, containing from 35 to 39 per cent, of copper, and ore- 
fumace slag, which is thrown away. After stopping the tap-hole, a, 
with a mixture of clay and sand, a charge weighing about 2J tons, 
frequently composed of about two-thirds of calcined ore and one-third 
of raw ore of Class 2, is let down into the furnace through the hopper, 
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H, and spread evenly over the bottom. The dag is thrown in through 
the door, d, after which the openings are closed and the fire is made 
up. The operation in this furnace is usually effected in from six to 



Fig 1 J1 — Melting Furn icc , longitudin il section 


<.e\on hours, mIipii the fused mass, coiiMsting of nudted regulus and slag, 
IS well stined, after tliH, the Litt<r is skiiiiined oif and lakul through 
the door, (7, at the tnd opposite tin fiie-place, win in e it falls into a senes 



Fig 122 —Melting Furnace, horizontal section 


of open sand-moulds, M, connected by a centml channel, where it 
assumes the form of nearly rectangular blocks. The furnace is now 
again charged with a mixture of calcined ores and slags, and the opera- 
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tion is conducted as before ; this is repeated until, at the expiration of 
twenty-four hours, the cavity of tne furnace has become full of regulus, 
when the tap-hole, a, is opened, and the regulus or coarse-metal runs off 
into the sand-moulds, fe, and is afterwards crushed, either between rolls or 
by a stone-breaker, previous to calcination. The slags from this furnace 
should not, on an average, contain much above ^Jth per cent, of copper. 
The resulting slags, chiefly consisting of silicates of iron, contain numerous 
disseminated fragments of quartz, which give to the whole a mottled 
appearance and somewhat pasty consistency. It is important that these 
slags should have a proper degree of fluidity, since if too stiff, they are liable 
to retain shots of regulus, and if too thin, the workmen find it difficult 
to skim them from the top of the charge without drawing out at the 
same time a portion of the matte. 

Any regulus which may be thus accidentally drawn out of the 
furnace collects, for the most part, in the bottoms of the sand-moulds in 
winch the slags are n^ceived, and is afterwards carefully removed. The 
slag>, when sufficiently cold, are broken and subjected to careful exami- 
luition ; those portions which contain a sufficient amount of regulus are 
preserved for re-melting with the roasted ores, while the remainder is 
rejected as useless. 

III. Calrinatim of Crushed Coarse’ Metal, — The furnace employed for 
calcining the coarse-metal usually resembles in all respects that used for 
crude ores in the first operation. The object of this process is the 
(diinination of a further portion of the sulphur and the oxidation of 
iron, which is the more readily effected on account of the removal of the 
(‘arthy and siliceous matters present in the raw ores. The charge varies 
from 3i to 4 tons, and the calcination is usually complete in twenty- 
four hours. '\Mieii the coarse-metal is first introduced into the furnace, 
the temperature is for some time carefully regulated, the heat being 
afterwards cautiously increased, until, at the expiration of about fourteen 
hours, bright redness has been attained. This temperature is maintained 
until the cliarge has been in the furnace twenty-four hours, care being 
taken to stir and turn it over from time to time. The plates covering 
the holes, e, fig. 120, are now removed, and the charge is scraped 
through them into the chambers, C, beneath the furnace. 

IV, Fusion of Calcined Coarse-Metal with Ores belonging to Class 3, 
a7id Slags from Operations V. arid VL — The object of this fusion, which 
occupies from five to six hours, is to eliminate, in the form of silicate, a 
further portion of iron, and to produce a regulus richer in copper than is 
coarse-metal ; the products are tohite’-metal or pimple-metal^ very rich in 
copper, and metal-slags melted in operation II. The fusion is effected in 
a furnace so similar to that employed for operation II. as to require no 
special description. At this period are introduced rich foreign oxides and 
carbonates, belonging to Class 3, containing but little iron. The charge 
generally weighs from 50 to 52 cwts., and is constituted in accordance 
with the nature of the ores which the smelter may have at his disposal. 
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It is often made up nearly as follows : — 30 cwts. calcined coarse -metal, 
16 cwts. of rich carbonates and oxides, and 5 cwts. of roaster- and 
refinery-slags from operations V. and VI. In addition to these, copper- 
scale and furnace-bottoms are occasionally added in certain proportions. 
In all cases the charge should be so constituted that nearly the 
whole of the sulphide of iron present may become decomposed at the 
expense of oxide of copper, and that the oxide of iron so formed may, 
in the form of silicate, pass off in the slags. Towards the close of the 
operation the charge is well stirred, and shortly afterwards the slag is 
skimmed off and drawn out of the furnace through the door, cf, below 
which sand-moulds are prepared for its reception. The regulus is finally 
tapped off into sand-moulds beneath the tap-hole, which is on the side 
of the furnace, and should be in the state of ichitc-metal or piinple-metal^ 
containing from 76 to 79 per cent, of copper. This sulphide is very 
nearly represented by the formula OujS, although it always retains small 
quantities of iron. 

V. Roasting White- Metal or Pimj^le-MetaL — This opemtion is carried 
on in a reverberatory furnace, similar to the ordinary melting-furnace, 
provided with air- ways in the bridge-end, and with a lateral door through 
which the pigs of regulus from operation IV. are introduced. The pro- 
ducts are hlist^n'-copper^ containing above 99 per cent, of copper, and 
roaster-slag. The pigs of regulus are placed on the blade of a long paddle, 
and each is transported to its proper place on the hearth of the furnace, 
of which the temperature becomes considerably reduced during the intro- 
duction of the charge. The weight of the charge is ordinarily from 4 
to 5 tons, and the heat is so regulated that the pigs may be completely 
melted at the expiration of from six to eight hours. During this time 
air is allowed to circulate freely through the furnace, and sulphurous 
anhydride is abundantly evolved. The slag fornuul on the surface of 
the melted regulus is fre<|uently skimmed off during the progress of the 
operation ; the first time immediately after the comjdete fusion of the 
charge, and the la.st shortly before tapping. A jieculiar frizzling sound 
is emitted from the bath of fused regulu.s, which is maintained in a state, 
of constant ebullition. After tlie contents of the furnace have been for 
a considerable time in a state of fusion, the temperature is sufficiently 
lowered to cause the surface of the regulu.s to become pasty, and it is 
then thrown up into crater-like elevations, produced by the escaping 
gases. When the temperature begins t<^ fall too low, the door is closed 
and the mass again brought to a fusing heat, at which it is maintained 
for some hours, during which time sulphurous anhydride continues to be 
freely evolved. 

Before the close of the operation, which may last from twenty-four to 
forty-eight hours, the ojKjnings admitting air into the furnace are shut, 
and the slags resulting from the combination of silica, derived from the 
hearth and from the sand adhering to the pigs of regulus, with oxides 
of iron and copper, are skimmed off the surface, and the blister-copper 
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is tapped into sand-moulds. The slags resulting from this operation are 
added to the charge in operation IV. 

VI. Refining and Toughening . — The furnace employed for the opera- 
tion of refining is similar to the ordinary roasting-fumace, excepting that 
its bottom inclines in all directions towards a point near the end door, 
next the chimney. Tliere is also another door at the side, but there is 
neither a hole in the roof for charging nor a tap-hole. The products 
obtained are marketable copper and refinery-sing ; the latter ultimately 
forming part of the charge in operation IV. The charge of the refinery 
consists of about 10 tons of blister-copper, which is introduced through 
the side door, and is piled in the form of a hollow heap, extending to 
the arch of the furnace ; the cakes being so arranged as to allow a suffi- 
cient space for the free circulation of air between them. The complete 
fusion of the charge is usually eflfected in about four hours, when the 
slags are removed by skimming, and the fused metal is exposed during 
from fourteen to sixteen hours to the oxidizing influences of the air 
passing through the furnace. The charge is from time to time rabbled 
and the slag skimmed off, and at the expiration of the time specified 
the charge should be in the state of dry copper. In order to see whether 
the process of oxidation has been sufficiently prolonged, the refiner takes 
out a sample in a small iron ladle, and from the fracture of this sample 
lie is enabled to judge of the progress of the operation. 

Copper in this dry state contains a certain proportion of oxygen in 
combination, and in order to eliminate this it is subjected to the process 
of toughening. When the charge is found to be sufficiently saturated 
with cuprous oxide, the slag is skimmed off, and two or three shovelsful 
of anthracite or charcoal are thrown on the hearth and spread over the 
surface of the liquid metal. This covering of carbon tends to the reduc- 
tion of the oxide of coj'per formed on the surface of the metal, and after a 
short interval, during which the charcoal is allowed to act alone, a long 
pole of green wood is plunged into the fused copper. Under the influence 
of the elevated temperature to which the wood is thus exposed, large 
quantities of reducing gases are evolved by its decomposition, attended 
with strong ebullition of the metal. The reduction of the oxide is 
thus determined with much greater rapidity than by the action of char- 
coal or anthracite alone ; the latter nevertheless not only assists in the 
removal of oxygen, but also prevents the absorption of a further amount 
when the surface of the liquid metal is in a state of rest. 

When the fused copper has, by this means, been kept in a state of 
ebullition during some time, usually an hour or more, the refiner takes a 
sample from the furnace by inserting into it a small ladle-shaped mould 
about inch in diameter and ^ inch in deptln The sample thus 
obtained, which is thicker in the centre than at the circumference, is 
tested with regard to malleability by flattening on an anvil, and after 
being partially cut through with a cold-chisel is fixed between the jaws 
of a vice, and bent backwards and forwards until broken. 
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As soon as the charge is found, from these trials and from the colour 
of the copper, to have reached tough-pitch, the pole is taken out and the 
charcoal pushed back from the opening, through wliich the metal is 
removed % iron ladles and transferred to copper moulds. These moulds 
are cast in a press from the ordinary charges of copper, and when cracked 
or otherwise rendered un6t for further use, are thrown into the retinery and 
re-melted. 

The moulds, a, fig. 123, when in use are fixed by a dove-tailed bottom 
to iron tipplers, h, arranged along one edge of an iron trough, r, and 
when the copper laded into the mould has completely set, the tippler 
with its attached mould is turned over with a smart shock, so that the 
ingot is turned out into water. On turning it back into its original 



Fig. 123.— Ingot-Moulds. 


position, any w’ater which may have splashed into it is rapidly dried uj) 
by the heat of the mould, which is then ready for re-filling. 

There are usually three troughs, eacli carrying twelve mouhls, placed 
at a convenient distance from the end door of the refinery, and during 
the lading of a charge of copper a current of cold water is kept con- 
tinuously flowing through the troughs. 

When the copjier is found to be in a ])roper state for removal from 
the furnace, it is necessary that this shouhl be effected with the least 
jiossible delay, since it would otherwise be liable to again become some- 
wdiat dry through the absorption of oxygen. Should this occur, poling 
must for a short time again be resorted to, and if the metal becomes over- 
poled, tliis defect is readily obviated by a short exposure to the oxidizing 
influences of the air. The surface of an ingot at tough-pitch is ajiproxi- 
mately level, whereas under-poled copjier sinks into a longitudinal furrow, 
whilst over-poled copper rises into a ridge. When copper is intended for 
rolling, a few pounds of lead are sometimes added and well mixed with the 
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charge immediately before it is laded into moulds, which in this case are 
of cast-iron. These are first washed on the inside with tan-ashes and water, 
and thoroughly dried. A false bottom of copper is then formed by pouring 
a couple of ladiesful of the charge into each pot or mould; and when this 
has set, the requisite number of ladles of copper to form a cake of the 
desired thickness are laded on to the top of it. When this cake has suffi- 
ciently cooled, it forms the bottom on which the next cake is cast ; each 
mould, when tilled, contains from four to six cakes of metal, according 
to thickness. When cold, the mass is turned out from the pot, the cakes 
separated, and their edges trimmed ; the copper used to form the false 
bottom in the first instance requires to be re-melted, as, being full of 
blow-holes, it is not sufficiently sound for rolling. 

When very large cakes are required, the moulds are often made 
by clamping together L-shaped pieces of cast-iron on a cast-iron plate. 

Use 0 / Phos 2 ^horus in Refining . — The addition of phosphorus to copper 
during that part of the operation of refining known as “poling ’’appears to in- 
crease the density of the refined metal, and at the same time to so assist the 
deoxidation as to dispense, to a considerable extent, with the use of the 
])ole. It is not, however, desirable to effect deoxidation entirely by the 
use of phosphorus, but rather by its agency to bring the metal nearly to 
the tough-pitch, and tlien to finish the operation by the use of the pole. 
The phosphorus is added in the form of phosphide of cojq>er, containing 
about 7 per cent, of phosphorus, which is prepared by pouring melted 
copper upon ])hosphorus in the bottom of an iron crucible, which is pro- 
tected by a lining consisting of a mixture of loam and po%vdered coke. 
The cover of the crucible is fitted with a funnel, and an aperture is left 
for the escape of giises, Avhile the metal falls upon a perforated iron dia- 
])hragm, coated like the inside of the crucible itself, placed midway 
between the bottom and the cover. The metal thus falls in the form of 
rain, and is therefore in a suitable condition for absorbing the escaping 
vapour of phosphorus. 

The proportion of phosphorus required necessarily depends upon the 
dryness of the copper to wdiich it is added ; but at Chatham Dockyard, 
wdiere the jirocess has for some time been successfully employed, 1 cwt. 
of copper j)hos])]iide is introduced into a 5-ton charge, and with this 
quantity the copper is rarely over-poled. This represents about 0*07 per 
cent, of pliosphorus, and about one-half of that quantity is permanently 
retained by the copper. 

Process of making Best-Selected ” Copper. — Dr. Percy, who derived 
his information from Mr. Keates, of the firm of Newton, Keates, & Co., 
makes the following observations on the subject of best-selected copper : ^ 
“The introduction of the manufacture of brass, on a large scale, into 
this country does not date much farther back than the year 1680, and 
the manufacturers were not long in discovering that copper taken indis- 


1 * Metallurgy : Euel, Copper, &c.,’ p. 329. 
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criminatelj, as it occurred in the market, frequently produced brass 
quite unfit for manufacturing into battery, sheets, and wire, and they 
rightly attributed this to its impurity. The English copper generally in 
use at the beginning of the eighteenth century was derived from Cornish 
ores, which were then, to a greater extent than at present, mixed with 
tin ; and it is most creditable to the sagacity and practical skill of the 
smelters of that day tliat they deviseil a mode of remedying tlie evil 
which, in effect, has not been improved ujk)!! by their successors.’* 

The details of the processes by which copper of this (piality is pre- 
pared from ordinary ores vary considera])ly in differi'iit works, although 
the principle involved is in all cases the same. Advantage is taken of 
the circumstance that when copper ores contaminatt‘d by the presence 
of other metals, such as arsenic, tin, lead, tkc , are reduceil to a state of 
regulus, and afterwards so roasted as nut to contain a sufticient amount 
of sulphur to convert the whole of the metals into regulus, a certain 
portion of the copper will, during the subsequent fusion, be liberated 
in the metallic form. Tlie copper so set free falls to the bottom of the 
moulds in which the contents of the furnace are tapped, and retains a 
very large proportion of tlie impurities by which the (piality of the pro- 
duct would be impaired. The material usually operated on is pimple- 
metal, which is melted down and roasted during a certain time, in 
accordance with the judgment of the furnace-man. When reatly, the 
contents of the furnace are tapped into a series of sand-moulds, joined 
together by gutters in the ujiper jiarts of the partition walls which sepa- 
rate them from one another. Tlie mixture of regulus and coj)por alloy 
containing the impurities to he .separated is tapped into the first of these 
moulds, and wlieii this becomes full, tlie melted matter flows over into 
the second, and .so on until the wliule of tin* charge has been run out. 
The total number of moulds may be from sixteen to eigliteen, according 
to the weight of the cliarge, and the size of the sand-beds prepared to 
receive it, and from &ix to eight pigs of impure copper will found in 
the bottoms of those nearest the tap-Iiolo, The refjule is removed, by 
a hammer, from the top.s of each of the.se as soon as it has sufficiently 
cooled to admit of being conveniently handled. About (»ne-fourth of 
the total amount of copper present may be reduced in tliis method of 
making copjKjr, the regule obtained being again, if neces- 

sary, subjected to similar treatment ; a fuither production of impure 
copper is the result of tlie .second fusion. The total amount of copp(;r 
thus abstracted impure may be nearly one-half the (juaiitity contained 
in the material originally cliarged into the furnace. The butioms obtained 
as the result of these fusions may, according to circumstances, either be 
refined, cast into rectangular plates, and sold a.s tile-atpper^ or, if found 
advantageous, it may be made into cake-copper. 

Modifications of the Welsh Method of Coppku-Smkltino. — As 
before stated, the general routine of the different processes employed for 
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tlie mfitallurgical treatment of copper ores by the Welsh process is not 
only varie<l in a<'Cordance with the quality of the copper it is intended 
to produce, but also to meet the circunintiinces of the varying nature of 
the supply of cupriferous materials available. 

The largo quantities of copper-precipitate now supplied by the nume- 
rous extraction-works, added to the amount of Chilian and American 
regulus wdiich is imported into this country, have resulted in the intro- 
duction, in the copper-works in the neighbourhood of St. Helens, where 
oi til 

of the ordinary processes. 

The following are the various operations usually followed in the 
copper-works at St. Helens : — 

I. Calcination of ores. 

IL Melting for coarse-metal. 

III. Melting for white-metal. 

IV. Tapping close -regulus. 

V. Running into blister-copper. 

VI. Refining and toughening. 

I. Calcination of Oren . — A charge of from 5 to 6 tons of sulphurous 
ores and regulus is introduced into a Siemens furnace heated with gas, 
supplied from a generator. The ore is spread over the bed, and the flame 
circulates around tin* brickw’ork of a chamber like an oven or muffle, 
which is in communication wutli sulphuric-acid chambers. The charge 
is stirred every two hours through the doors, and is kept at a red heat 
during about ninety-six hours, wdien it is drawn with rakes, and is usually 
found to contain from 6 to 7 per cent, of sulpliur. 

II. Melting for Coarse-MetaL — This is carried on in an ore-furnace, 
in wdiicli the sharp f^lags obtained from the skimming of No. III. ]>rocess 
are w’orked. This is the usual reverberatory furnace, and is lieated 
with slack. A charge of about 36 cwts. is introduced and kept at a 
strong heat for about six hours. When the door is removed, and the 
cliarge is found to be in a liquid state, the coarse-metal falls to the bottom 
and the fusible slag floats above it. The furnace-man then skims off 
through the front tloor tlie slag, whicli sliould be free from copper, or 
ought at any rate not to contain more than Jth of 1 per cent. 

Once every twenty-four hours the coarse-metal is tapped into sand- 
beds at the side of the furnace, and should not contain above 33 per cent, 
of copper. The charge consists of poor calcined ores and a small quantity 
of poor raw ores, with the sharjvslags from No. IIL 

III. Melting for White-Metal , — A charge of about 40 cwts. of a 
mixture of coarse-metal from the preceding operation, Chili regulus, 
calcined rich sulpliides, and raw carbonates, is placed in a furnace similar 
to the last. The door is closed, and the heat increased for about four 
liours, when the charge will be found to be in a liquid state. The 
furnace-man skims off the slags floating on the surface, until he comes to 
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the metal, which he can readily distinguish. The slags from this opera- 
tion are termed “sharp-slags,” and are those melted in operation II. for 
coarse-metal. The metal is tapped at the side, exactly as in operation 
II., and contains about 66 per cent, of copper. 

IV. Tapping Close-Regulus, — This process is termed “selecting,” as 
the metal is divided into two qualities, one for making best copper and 
the other for common. 

About 40 cwts. of a mixture of coarse-metal, calcined regulus, calcined 
rich sulphide ores, and copper- precipitiite obtained from the various 
extraction-w^orks, is placed in a furnace of the same construction as the 
last, where it remains until the charge becomes perfectly liquid. It is 
then tapped at the pitcli called close- regulus^ wdien it is found tliat, in 
combination with reduced copper, the impurities fall through the regulus 
to the bottom of tlie moulds. When cold, the workman separates the 
upper portions from the lower by means of a hammer. 

The upper portion consists of sulphides of copper; the lower of 
metallic copper which contains other metals, such as tin, antimony, 
arsenic, lead, &c. 

V. Running for Blister- Copper, — This is effected in a furnace called 
a “roaster,” in wliich three kinds of material are sepamtely treated, 
according to the quality of the copper required, namely, whitc-vietal, from 
Xo. HI. process; close-rcgulus^ from ^o. IV.; and hotUmts separated 
from it. 

One method of treatment answers for all : — About 7 tons of wdiite- 
metal are placed in the roaster, the teni])erature of which is raised, and 
the met/d reduced, at first slowly, to a li(|uid state, wliile a current of 
air is allowed to pass freely through the furnace. When it has been 
working about forty-eight hours, the evolution of sulphur will be observed 
to have ceased, and the sulphides ’will be converted into blister-copper, 
which is run into sand-beds. The same is done in converting close- 
regulus and bottoms into “ blister ; ” in the first case about thirty hours 
are required, in the latter only eighteen, owing to the bottoms containing 
much less sulphur than the close-regulus. 

VI. Refining ami Toughening, — A charge of about 10 tons of blister- 
copper is put into the rehning-fumace, which is of the same construction 
as the other copper furnaces, excepting that the bottom slopes down 
towards the front door, where there is a cavity to enable the men to dip 
their ladles when lading out the copper. The charge is roasted for about 
four hours at a gentle heat, with a current of air, in order to liberate any 
sulphur that may remain after the last operation. 

The heat is now raised until the metal becomes liquefied, when it is 
skimmed to free it from slag. After having been alternately rabbled and 
skimmed for about six hours, it is brought to the pitch of dry aypper. 
It is then agitated or poled with large poles, so as to remove oxygen, 
by which means the copper is brought to tough-pitch. Samples are 
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removed l)y small ladles, hammered and broken in the vice ; when the 
fracture and colour of the metal indicate that it is in a fit condition, it 
is at once laded into moulds. 

In Chili, where the ores consist of a mixture of sulphides, oxides, 
carbonates, silicates, and oxychlorides of copper, smelting is conducted in 
reverberatory furnaces, with coal as fuel, and comprises three principal 
operations only, namely, fusion for regulus, calcining for spongy regulus, 
and roasting for blister-copper. The copper arrives in this country in 
bars, usually weighing about If cwt. each, and, according to its state of 
purity, it is either at once refined or subjected to a preliminary roasting. 

In this country “ best-selected” copper usually fetches about j£l per 
ton above the price of ordinary tough-ingot. 

The usual forms in which copper is sent into the market are as 
follow : — 

cwts. qrs. lbs. 

Cakes . 19 in. x 124 ^ » weight 110 

Tiles . 19 „ X 124 ,1 X 4 „ „ 0 1 13 

Ingots . 11 „ X 3| M X 14 „ „ 14 to 16 lbs. 


Treatment of Cupriferous Schists in the Mansfeld District, 
Prussian Saxony. 

The ore treated is the w^ell-known Kupfei'sclnefer of the Germans, a 
bituminous schist or shale, which occurs below the Zechstein, a formation 
of Permian ago. The thickness of the copper-bearing shale is seldom 
above 18 inches, and of this a few indies only will usually repay the 
expenses of smelting. Mining, which is sometimes carried on at a 
depth of eighty fathoms from the surface, is particularly laborious in this 
district, since the thinness of the deposit renders it necessary for the 
miner to conduct all his operations while lying on his side. Smelting 
has long been carried on in the neighbourhood of Mansfeld. Agricola, 
w’ho wrote about the middle of the sixteenth century, minutely describes 
the way in wdiicli the ores were burned in heaps in the vicinity of 
Eisloben, as a preliminary to fusion. The existing smelting-works are 
situated near the towns of Mansfeld, Eisleben, and Sangerhausen. The 
various mines and smelting-works, which w’ere before 1852 possessed by 
separate companies, were at that date united under a single direction, of 
which the chief office is in Eisleben ; the result being the establishment 
of an admirable system of management, which has secured large and 
continuous profits to the proprietar 3 % 

The following analyses, made by Scheorer in 1879, give the composi- 
tion of unburnt Kupferschiefer from four different localities ; ^ — 

^ ‘ Mansf elder Kupfersohieferhauende Gewerkschaft.* Eisleben, 1881. 
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3-96 
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Bitumen, Ac. 

14-63 

14-07 
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Zinc, lead, manganese, nickel, and cobalt were not quantitively 
estimated. 

The Kupferschiefer of the ^lansfeld district contains on an average 
somewhat less than 3 per cent, of copper, with about 10 lbs. of silver to 
tile ton of copper. The Sawlerz of the Sangerliausen district sometimes 
contains as much as 5 per cent, of copper when the ore is copper jiyrites ; 
but when it consists of erubescite, it occiisionally readies 10 [ler cent.; in 
the latter case the proportion of silver is reduced to one-half. 

The fuel employed is principally coal and coke, a considerable portion 
of which reaches tlie works from England via Hamburg ; another portion 
is, however, supplied by the German coal-fields, and gas-coke is collected 
from the neighbouring towns and cities where large quantities of gas are 
consumed. Formerly wood and charcoal were exclusively made use of 
in the smelting- works ; but, although the company still jiossesses a large 
extent of woodland, it is now found more profita])le to s(dl the timber 
and charcoal, and to obtain from a distance supplies of fuel better suited 
for the work. Brushwood answers as fuel for muflle-furnaces ainl for 
calcining; the brown coal of the neiglibourhood, when mixed with coal 
of a superior quality, is also employed for reverberatory furnaces. Jn 
addition to slag.s, Avhich, for tlie sake of freeing them from coj)per, are 
l>assed through the furnace with the various charges, fluor-spar is some- 
times employed. It is chiefly used with highly siliceous materials, and 
is found abundantly in the neighbourhood of some of the works. 

As at present conducted, the method employed for the treatment of 
cupriferous schists in the Mansfeld district comprehends the following 
operations : — 

I. Burning the schist in heaps for the purpose of removing a portion 
of the sulphur, together with water and bitumen, and to reduce the mate- 
rial to a mechanical condition suitable for smelting. 

II. Smelting the burnt schist with slags and fluor-spar in blast- 
furnaces ; products, coarse-metal or Rohstein and slags ; the latter being 
sometimes moulded into blocks for building purposes. 
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IIL Burning the coarse-metal in kilns for the purpose of eliminating 
sulphur, oxidizing the iron, and producing sulphuric acid. 

IV. Concentration of the copper in the roasted coarse-metal by fusion 
in reverberatory furnaces ; products, fine-metal or Spurstein^ containing 
74 to 75 per cent, of copper, with silver, and rich slag sent back to 
operation II. 

V. Grinding the fine-metaL 

VI. Roasting the ground fine-metal ; the chief portion of the copper 
is thus transformed in cupric oxide, while the silver is converted into a 
soluble sulphate of silver. 

VIL Dissolving out the sulphate of silver with warm water, and 
precipitating cement’silver from the solution by means of metallic copper. 

VIII. Mixing the residues from this lixiviation with coal-dust, and 
melting and refining in a reverberatory furnace ; products, refined copper 
or Kupferrafiinad and slags. 

IX. Treatment of slags, resulting from operation VIII., for copper of 
second quality. 

The following description of the various processes employed in the 
Mansfeld district for the treatment of Kupferschiefer will render in- 
telligible the series of manipulations to which it is subjected for the 
extraction of copper and silver. 

I. Burning the Schist — This has for its object the combustion or 
volatilization of a large proportion of the bitumen, as well as the expul- 
sion of water, &c. ; a portion of the sulphur is also at the same time 
eliminated, but care must be taken to retain a sufficient quantity to form 
good coarse-metal with the copper and a portion of the iron. This 
operation, which partakes more of the nature of burning than of calcina- 
tion, is accomplished in large heaps constructed in tlie vicinity of the 
smelting-furnaces, but generally at a higher level. 

In order to construct a heap of this kind, a number of faggots of dry 
brushwood are laid side by side on the pavement of the roasting-yard in 
such a way as to mark out the intended boundary of the mound, thus 
enclosing a space of from 200 to 300 feet in length, and 30 to 40 feet in 
width. This area is traversed, longitudinally, by a line of faggots 
arranged along its centre, across which two or three rows of similar 
faggots are placed at right angles. Where these rows cross one another 
a small pile of faggots is erected. The schist is piled loosely upon the 
faggots until a rectangular heap, from 7 to 10 feet in height, has been 
formed ; fire is now applied to the wood on one side, and the flames 
gradually spread, through the channels filled with faggots, to the heaps 
of fuel at their intersection, which act as chimneys to the mass. Schist 
made into heaps shortly after its extraction from the mine is found to 
burn more readily than wlien put together dry ; this arises from the fact, 
that as soon as the water is expelled, the layers of shale open, leaving 
interstices by which the mass is rendered permeable to the air, whereas, 
if previously dried, it crumbles, and a compact heap is the result. The 

2 E 
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best conditions are obtained when the blocks are put together in a frozen 
state during the winter, and gradually thaw after the completion of the 
heap. 'When the schist has once become well ignited it goes on burning 
slowly until the whole of the bitumen has been consumed. This oc- 
cupies a greater or less time, in accordance with the state of the weather 
and the size of the lieap, but the smaller heaps generally require from 
eight to ten weeks, and the larger from three to four months. It some- 
times happens that during very strong winds so much heat is developed 
as to cause the ore to melt and run together into masses. This not 
only results in considerable additional expense, as it makes the heaps 
difficult to break up, but also so completely drives off the sulphur that 
the roasted material requires to be smelted with raw ores containing 
sulphides. In order to avoid this inconvenience, it is usual to erect 
screens of rough boarding in the direction of tlie prevailing winds, or to 
cover the exposed poitions of the heap with a layer of finely divided and 
closely packed ore. The following analyses, made by Grimow in 1 850, give 
the composition of burnt Kupferschiefer from four different localities : ^ — 
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about 10 per cent., and the loss of weight 16 i)er cent. 

II. Smelting Burnt Ore with Slags f(rr the Froilactum of Coarse- 
Metal or Rohstein, ^c , — The roasted ore is taken from the pile in which 
it is burnt directly to the smelting-fumace, where it is fused with a mix- 
ture of .-'lags and fluor-spar, the products obtained being coarse-metal and 
poor slags. This fusion always takes place in blast-furnaces, of which 
the form and dimensions vary considerably. The older furnaces w’(‘re 
rectangular, and from 15 to 20 feet in height; the newer ones, on the 
contrary, are circular, and have a total height of above 30 feet. Figs. 
124 and 125 represent one of the rectangular furnaces formerly employed 
at Mansfeld for the fusion of roasted schist. The first is a front elevation, 
and the second a vertical section through the axis of one of the tuyers ; 
the lining in the vicinity of the hearth was constructed of a sandstone 
found in the neighbourhood ; the upper portion, A, was lined with fire- 
brick, and the outer walls were built with ordinary masonry. 

The blast was supplied through tuyers, f, placed either in the back of 

^ The metallio sulphides were uot estiinated. 
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the hearth or in two opposite lateral faces of the furnace, and at the 
same height from the bottom On a level with the floor were two aper 




Fig 124 — Rectangul ir Fuinact, Mausfeld , 
olevatiou 


Fig 125 — RectonguUi Furnace 'uansitia 
vertical section 



Pig 126 —Rectangular Furnace, Hansfeld , interior of hearth 


tures, 6, fig 126, communicating, by the channels, c, with two external 
basins, B, each about 30 inches in diameter and 14 inches in depth, 
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hollowed in a bed consisting of clay and coke-dust The slags and mattes 
flowing constantly out of the furnace were received into one or other 
of these basins, and when one had become full the aperture by which 
it communicated with the hearth was closed, and the other opened. 

The blast, which was heated to about 185® C., entered the furnace at 
a pressure of from 7 to 8 inches of water. The materials to be charged 
were placed on a platform near the top, and usually consisted of about 
86*5 per cent of roasted schist from operation I, 6*5 per cent of fluor- 
spar, and 7*0 per cent of slags from operation IV. The fuel used was 
either English or Westphalian coke, or gas-coke ; when the former was 
employed, 12 to 14 cubic feet were required per ton of roasted ore 
smelted, but in the latter case 16 to 18 cubic feet were consumed. The 
fuel was introduced in layers, alternately with the ore and flux, and a 
fresh charge was added as soon as flame made its appearance at the top. 
In this way the complete fusion of the mass was effected ; the gangue, 
uniting with a certain proportion of oxide of iron, formed a fusible slag, 
while the copper, in combination with iron, silver, and sulphur, yielded a 
liquid regulus or coarse-metal. The slags and regulus flowed together 
into the basins, B, where the latter, from its greater density, accumulated 
at the bottom, while the lighter slags floated on its surface, and, in propor- 
tion as the basin filled, were dragged aside by the workmen. 

The basins, B, being used alternately, the coarse-metal which had 
collected in one of them was allowed to cool while the other was being 
filled, and, when sufficiently set, w^as removed in the form of circular 
plates, which were lifted from the surface of the still liquid portion 
remaining in the bottom of tlie cavity. This was done by an iron eye 
inserted in the regulus while in a liquid state. 

As soon as a plate had been separated it was broken with sledges, 
any adhering pieces of slag being picked out and returned to the furnace 
in which the fusion was effected The coarse-metal obtained amounted to 
about 10 per cent, of the weight of the bnmt schist smelted ; it contained 
from 30 to 40 per cent, of copper and about |th of 1 pr cent, of silver 
together with iron, cobalt, nickel, zinc, and sulphur. 

The small rectangular blast-furnaces have at Mansfeld been gradu- 
ally replaced by circular furnaces of much larger dimensions ; these are 
blown by six tuyers and provided with apparatus for the collection of 
the waste gases. Fig. 127 is a vertical section through the centre of 
one of these furnaces, and fig. 128 a horizontal section at the level of 
the tuyers. The foundation consists of r. solid block of masonry, A, 
provided with proper channels for the escape of moisture. The furnace 
is supported on eight short cast-iron pillars, a, carrying an iron ring, 6, 
and is lined with fire-brick. The blast, which is heated to a tempera- 
ture of 280® C., enters the furnace by six water-tuyers, c, under a pres- 
sure of about 2 lbs. per square inch, while the throat, which is closed by 
the cup-and-cone arrangement, cf, admits of the waste gases being col- 
lected by the openings, e, and the wrought-iron pipes, /. The charges 
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are introduced in the usual way ; the slags flow off constantly at anc 
the coarse metal is from time to time tapped olf at on the opposite 



Fig 127 — Six tuyer Furnace, Mansfeld , vertical section 


Side of the furnace This formerly ran through the iron gutter, into 
the cross-spout, A:, fig. 128, with serrated ends, from which it fell mto 
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a cistern of water, where it was granulated ; but it is now collected in 
moulds. 

A furnace with two tuyers, and blast heated to 100° C., will smelt 
from 7 to %fuders (21 to 24 tons) of burnt schist in the course of twenty- 
four hours ; a furnace with three tuyers will smelt 12 fuders in the same 
time. With a furnace blo^vn by four tuyers, 17 fuders of ore can be 
smelted in twenty-four hours, while a large furnace with six tuyers 
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Fig 128 — SiX'tuyer Furnace, ManRfeld ; borizontal Hoction through hearth. 

sniflts from 40 to 45 fuders of ore, with an expenditure of from 12 to 
14 cwts. of coke per fuder. 

III. Romting the Coarse- Metah — This is accomplished in rectangular 
kilns, each 10 feet in height, 5 feet .square at the top, and 5x4 feet at 
the bottom, provided with cup-and-cone chargers. Each of these holds 
10 tons of coarse-metal, which is first broken into pieces of a little more 
than a cubic inch, and then introduced through the charging apparatus 
in the roof. Tliese kilns are arranged in rows, forming groups varying 
from ten to twenty, and communicating with sulphuric -acid chambers 
of the ordinary construction. The calcined or burnt matter is drawn 
every twelve hours, each kiln yielding from 1 J to IJ ton of burnt mate- 
rial every day of twenty-four hours. 

In order to prevent the clotting and fusing-together of the unroasted 
coarse-metal, it is mixed with nearly an equd weight of the same 
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material which has been already roasted; the proportions being 100 
parts of unroasted coarse-metal to 85 parts of the roasted metal A 
slight increase of weight, due to the oxidation of iron, takes place 
during the operation, as 1 part of unburnt coarse-metal is, on an average, 
represented by 1*042 of burnt residue. The burning is going on most 
satisfactorily when the heated metal slightly sticks together at a height 
of about 3 feet above the level of the bottom ; thus forming a scaffold 
which enables the burnt ore to be withdrawn, before breaking down the 
platform and allowing the material in the upper parts of the kiln to 
descend. 

IV. Melting for Fine-Metal or Spurstein. — The furnace employed for 
this operation closely resembles that used in this country for melting 
for coarse-metal Until within the last twenty-five years the roasted 
coarse-metal was fused in a small blast-furnace, but this has been super- 
seded by the Welsh reverberatory furnace introduced from Swansea at 
about the date stated. 

The charge usually consists of 50 to 56 cwts. of roasted coarse-metal, 
and 4 to 7 cwts. of siliceous ores, or 2^ to 3 cwts. of sand. This mixture 
is charged into the furnace through a hopper in the usual way. When 
first charged, the furnace is closed and fired sharply for three and a half 
hours, at the expiration of which time the first rabbling takes place; this 
rabbling is repeated twice, and when, at the expiration of about eight 
hours, the charge has become reduced to a perfectly liquid condition, and 
no lumps are found upon the bottom, tapping takes ])lace. The tap-hole 
is opened and the fine-metal is run into a series of conical cast-iron 
moulds, eacli capalde of liolding from 4 to G cwts. of regulus, so arranged 
that the second is slightly below the first, the third below the second, 
and so on. Only the purest and richest materials produce very liquid 
slags ; wlien the matte contains zinc the resulting slags are infusible and 
pasty. Spurstein should contain from 74 to 75 per cent, of copper, and 
when it either falls below 72 per cent, of copper, or contains that metal 
in the metallic state, it is not forwarded to the silver-extraction works. 
The presence of metallic copper in tlie fine-metal is obviated by the 
addition of a little uuroasted Kolistein to the charge. The slags from 
this furnace contain copj>er, and are smelted in operation IL, with 
roasted schist and a little fluor-spar. The fuel employed is a mixture of 
brown coal and English bituminous coal, in the proportion of two of the 
former to one of the latter, burnt on a step grate. 

V. Grinding the Fine-Metal — When sufficiently cold, the Spurstein 
is removed from the cast-iron cones, freed from any adhering slag, and 
reduced to the state of an impalpable powder. This is effected in ball- 
mills, each capable of grinding 20 tons of matte in the course of twenty- 
four hours. 

VI. Roasting the Ground Fine-Metal — The concentrated and finely 
ground sulphide, which contains about 74 per cent, of copper and about 
0*43 per cent, of silver in the metallic copper, is subjected to a process of 
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careful roasting, by which the copper is, for the most part, converted into 
an insoluble oxide, while the silver is transformed into a readily soluble 
sulphate of that metal. This is effected in reverberatory furnaces, with 
precautions which will be stated when describing ZiervogeFs Silver 
Process. 

VIL Dissolving out Sulphate of Silver and Precipitating Cement-Silver 
by Metallic Copper , — Tliis operation is conducted in a series of tubs, in 
some of which the solution of sulphate of silver is effected, while in others 
the precipitation of the dissolved silver is determined by the introduction 
of metallic copper, both in the form of bars and in a granulated state. 
The method of conducting this operation will be described when treating 
of the metallurgy of silver. 

VIII. Fusion and Refining of Desilcerized Residurs , — The residues 
retained in the tubs in wliich the lixiviation for sulphate of silver has 
been conducted, contain about 75 per cent, of copper, chiefly as oxide, and 
liave been freed from silver to within 0*018 per cent. This material is 
reduced to the metallic state, and is subsequently refined in a furnace, 
w’hich resembles the ordinary English refinery. Ten tons of the washed 
residue from the silver-extraction process, after being allowed to drain 
freely, are dried upon beds warmed by the waste heat from the flues, 
mixed with 10 per cent, of coal-dust, and charged into the furnace. 

At the expiration of from nine to nine and a half hours the oxide of 
copper will have been reduced to the metallic state, while the oxides of 
the baser metals, together with a certain amount of copper oxide, uniting 
with the siliceous asli of the coal, and with silica from the furnace 
bottom, will have passed into the state of slag. 

This slug is carefully skimmed ofl’ during about an hour, and the 
metallic bath is expo.>ed for another hour or an hour and a half to the 
strongly oxidizing action of the air. During this period, known as the 
Verhlasen, sulphurous anhydride is evolved, together with zinc, lead, 
and some other metals, which, becoming oxidized, fill the furnace with 
dense fumes. 

The next period, namely, that of roasting and sparkling, Braien und 
Spriihen, occupies from two to two and a half hours, during which 
further traces of various metals are eliminated, and a little sulphurous 
anhydride given off. The charge is now subjected to oxidation during 
two additional hours, at the end of which time it has assumed the con- 
dition of dry copper, ef^uivaleiit to the Gaarkupfer of the old hearth- 
refinery. 

The copper is then brought to tough-pitch by [loling its surface 
covered by charcoal, and the metal laded into moulds. If during the 
process gf lading the copper should exhibit any indication of becoming 
dry from absorption of oxygen, it is again poled for a few minutes. 

The working of a charge, including refining, toughening, and lading, 
occupies from nineteen to twenty hours, every 100 tons of the material 
treated 3 rielding from 68 to 69 tons of ingot copper of A. quality, and 
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from 15 to 16 tons of slags and scorias, which are treated in the next 
operation. 

IX. Treatment of Smelting- and Refinery -Slags , — The slags and the 
scoriae resulting from the smelting and refining of first-quality copper are 
taken to the old liquation-work^, where they are smelted in a small blast- 
furnace for blister-copper. The copper thus obtained is refined with 
addition s of lead and phosphor-copper, toughened by poling, and sold as 
B. copper of second quality. 

In 1884 the production of copper and silver at Mansfeld and Sanger- 
hnusen was : — 

Copper .... 12,773 metric tons. 

Silver . . . . 74,132 kilos. 

Processes Formerly Employed at Mansfeld — Rosette-Copper . — 
The copper produced at Mansfeld was at one time largely delivered to 
commerce in the form of Gaarkapfer or rosette-copper, sold in the shape 
of thin discs, chiefly employed for making alloys, but not sufficiently soft 
for hammering and rolling. 



Fig 129 —Kupfergtuirherd Fig 130 — Kupfergiiarlierd , Terticol section 


Blister-copper for the production of rosette-copper is treated in the 
small German heaitli or Kupfergaarherd . 

Fig. 129 represents a perspective view, and fig. 130 a vertical section, 
of this arrangement ; it consists of a hemispherical basin, a, about 
18 inches in diameter, excavated in a mass composed of four parts of 
pounded charcoal, four parts of fire-clay, and one of sand. This is 
surrounded by a low platform, c, level with the top of the basin, 
which is, on one side, furnished with a small door, d. When the 
hearth has been freshly lined, it is necessary, before proceeding with 
another operation, to dry it by the introduction of a few shovelsful 
of ignited charcoal, which is allowed to remain until the hearth is 
completely dry. As soon as this is the case, the cavity is filled with 
fresh charcoal, fragments of impure copper are arranged opposite the 
tuyer, and the blast is gradually admitted. When the first charge of 
crude metal has been thus melted, a further quantity is added, care being 
taken at the same time to supply a proper amount of fuel. The scoria* 
formed during the progress of the operation escape through a tap-hole. 
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'which commtinicates with the cavity in which the refining is effected a 
little above the level of the top of the mass of masonry, tn. 

The first slags obtained are of a greenish colour, and contain a large 
quantity of oxide of iron. During the fusion, sulphurous anhydride, and 
sometimes arsenical vapours, are evolved. 

The next slags are of a deep-red colour, and are rich in cuprous oxide. 
When the whole of the impure copper constituting a charge has been 
fused in successive small quantities, the 'workman takes samples, from 
time to time, by means of an iron rod, and, from the appearance of thes(‘, 
he is enabled to judge of the working of the furnace and tlie state of the 
metal it contains. As soon as the process is found to be sufficiently 
advanced, the blast is stopped and the surface of the metal is fret*d from 
fragments of charcoal. The slags are then carefully raked from tlie 
surface of the metallic bath, on which a little water is thrown to solidify 
the upper surface, which is at once withdrawn, by an iron hook, in the 
form of a thin circular plate. When the first disc has he(m thus removed 
more water is thrown on the surface of the metal, and a second film is 
coagulated and lifted off. These operations are repeated until the whole 
of the copper has been removed from the furnace. 

The rosettes thus obtained do not exhibit the malleability and duc- 
tility of ordinary commercial sheet-copper, and in order to communicate 
to it these properties it is necessary to subject it to a final ojiemtion of 
toughening. For this purpose the rosettes are again melted in a similar 
furnace to that above represented ; and as soon as the discs are fused, 
and have fallen into the small concave basin, the surface of the bath is 
sparingly covered with charcoal, by which, after a time, the oxide is 
reduced, and the metal attains a state of malleability. 

Liquation . — The method of extracting silver from copper by liqua- 
tion was employed in the Mansfeld district up to the year 183(). The 
efficiency of this process, which is described by Agricola, depends on the 
following principles. If lead and copper be fu.^ed together, the two 
metals unite ; and if this mixture be rapidly cooled, aft<*r being run out 
of the furnace, they remain in a state of intimate admixture. If, on 
the contrary, the mixture be slowdy lieated to near its point of fusion, 
or be allowed to cool very gradually after being in a liquid state, the 
two metals will separate, and the lead will contain nearly the whole of 
the silver originally in combination with copper, while the latter metal 
retains only a comparatively small portion of the lead added. The silver 
may now be separated from the lead by cuT)ellation, and the copper freed 
from that metal by refining. 

Three parts of copper and from 10 to 12 parts of lead, already con- 
taining a certain proportion of silver — if such is to be procured — are 
fused together in a cupola-furnace ; instead of metallic lead, litharge is 
sometimes employed. The fused alloy, on flowing from the furnace, is 
poured into cast-iron moulds, where it is rapidly cooled by the help of 
water, and from which it is removed in the form of large circular cakes. 
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These discs are subsequently heated on a liquation hearth, in order to 
extract the argentiferous lead in the liquid form, while the associated 
copper remains unmelted, and forms a porous mass, retaining the form of 
the original cakes. 

This hearth, figs. 131 and 132, consists of two slightly inclined plates 
of cast-iron, so placed as to leave between them a space, S, beneath which 



Fig. 131.— Liquation-Hearth. 


is a hollow channel, C, loft in the mass of masonry, M, which supports 
the iron plates. Tlie metallic discs are placed perpendicularly on these, 
and are kept at a short distance from one another by means of wedges, 
while the open sides of the area are closed, after charging, by clay- 
lined plates of wrovight-iron, F. The fuel employed, which is char- 
coal, is introduced between the metallic discs, after which the wedges 
are withdrawn, and some wood is 
placed in the channels, C, by the 
combustion of which tlie charcoal 
ill the upper part of tlie hearth is 
ignited ; the draught is produced by 
small chimneys, cZ, left in the masonry 
of the funiaca As the temperature 
of the cakes becomes more and more 
elevated, the lead, which is the more 
fusible metal, begins to melt, and, 
flowing over the surface of the iron plates, falls into the channels, C, and 
is conducted, by a depression in the floor, into the exterior basins, h 
In proportion as these reservoirs become filled, the lead is removed, with 
an iron ladle, to a mould, where it receives the form of lenticular cakes. 
The copper, still retaining a certain amount of lead and silver, remains, 
in the form of half-fused spongy masses, in the position in which it was 
first placed. The lead thus separated by liquation contains a large por- 
tion of the silver, as, from the circumstance of the alloy of silver and 
lead being more fusible tlian the pure metal, a small quantity only of 
silver is retained by the lead which remains associated with spongy 
copper on the hearth of the furnace. 
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These porous masses of copper are, however, still capable of affording 
a certain amount of argentiferous lead if submitted to a higher tem- 
perature, and for this purpose are heated in a peculiarly constructed 
apparatus, known as a sweating- furnace. 

The spongy masses • of copper, remaining after the liquation of the 
lead and silver, are charged on the hearth of the furnace, and rest on 
the brick piers by which the bottom is divided longitudinally into flues. 
These spaces are filled with wood, which is ignited, and the door closed. 
The draught is established through openings, in connection with a 
chimney, by which the smoke and heated air are carried off. 

This treatment determines the separation, in a liquid form, of a 
further portion of lead, whicli becoming oxidized is chiefly converted 
into litharge, which falls to the bottom of the flues, togetlier with a small 
quantity of oxide of copper dissolved in the oxide of lead. By operating 
in this way, copper is obtained still further freed from lead and silver 
than that coming from the liquation-hearth, and in the spaces between 
the piers will be accumulated litharge containing silver, and a small pro- 
portion of copper oxide. This mixture was employed at Mansfeld as a 
source of lead in the cupolas in which the fusion of the unrefined copper 
with lead was conducted. 

The copper was formerly refined in a reverberatory furnace somewhat 
resembling the German cupelling-furnace hereafter to Ije described. 

A method for the separation of silver from copj)er mattes by amalga- 
mation was in operation at Mansfeld up to 1849. 


Copper-Smelting by the Maxiies Process. 

This process, which has for some four and a half years been in 
oj>eration at the copper-works of Eguilles, Department of Vaucluse, 
Prance, was described by the late Professor L. Gruner, whose paper 
for some time constituted almost the entire literature of the subject.^ 
Various persons have, at difierent times, sj)eculated on the possibility 
of treating cupriferous substances by the process aj)plied by Bessemer to 
the refining of cast-iron, without employing oilier fuel than the silicon, 
manganese, and carbon contained in the material itself. In the same 
way that iron orcb are reduced in the blast-funiace to the state of pig- 
iron are cojiiier ores reduced by a simple fusion to a coarse-metal com- 
posed of copper, iron, and sulphur. In both operations the metals are 
separated from their gangues, and in both are the most important jiroducts 
somewhat similar in constitution. In the one case it is a mixture of iron 
and manganese in combination with carbon and silicon, in the other a 
double sulphide of iron and copper. It would consequently appear 
probable that, if by simply blowing through the fused mass the carbon, 
silicon, and manganese can, in the one case, be eliminated, that, in the 

1 ‘ Annales des Mines,* 8* 86rie, Tome iii. p. 429. 
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other, sulphur and iron might be removed by similar means, since both 
these elements are more readily oxidizable than copper. 

At first sight nothing would appear to be more easy, but nevertheless 
all the experiments, from the first, made in Russia in 1867, to those made 
in this country up to 1879 by Hollway, resulted in complete failure. In 
spite of their apparent similarity, the circumstances in the two cases 
differ materially. 

In pig-iron the substances to be oxidized never exceed 10 per cent, 
of its weight, while copper matte often contains from 40 to 60 per cent, 
of copper ; so that from 60 to 40 per cent, of its constituents have to 
be removed by oxidation. Moreover, the foreign bodies, silicon and 
carbon, present in cast-iron, develop a large amount of heat during their 
combustion; the first 7,800 and the second 8,000 calories, while the 
iron and sulphur of the matte yield but 2,200 and 1,500 calories respec- 
tively. It is true that the specific heat of copper is about two-thirds less 
than that of iron. 

The weight of copper in copper mattes is, however, much less than 
is that of iron in cast-iron, so that in point of fact the reduction of 
copper matte requires less heat than the refining of cast iron. A priori^ 
then, the process does not appear impossible, although considerable diffi- 
culty might be anticipated from the large amount of iron to be oxidized 
and passed off in the state of scoriae. 

The experiments of M. Pierre Manh^s were commenced in 1880, the 
apparatus employed being a small Bessemer converter of the usual con- 
struction, having an air vessel at bottom, with vertical tuyers injecting 
air from below upwards through the metal collected in the bottom. As 
might have been anticipated the sulphur and iron rapidly became 
oxidized, the former escaping as sulphurous anhydride, while the oxide 
of iron formed a liquid slag at the expense of the silica of the refractory 
lining. 

At the commencement of each experiment the heat developed by the 
combustion of the iron and sulphur was sufficient to maintain the fluidity 
of the metallic bath, as well as that of the ferruginous slags. This quiet 
progress of the operation was not, however, long continued, and was 
followed by difficulties which manifested themselves towards the close 
of the experiment. 

On the one hand, at a certain moment the progress of the operation 
suddenly changed, the regular ebullition produced by the injection of 
air was followed by rapid boiling, accompanied by violent projections of 
slag, this action ultimately becoming so intense as to entirely empty the 
vessel. 

On the other hand, in proportion as the sulphur became burnt off, 
metallic copper being heavier than copper matte, accumulated in the 
bottom of tlie converter, where, from the disappearance of the combustible 
elements, it became chilled, and gradually obstructed the tuyers with 
solid copper. 
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In order to obviate the difficulty, resulting from this cooling action 
of the blast upon the reduced copper, the vertical tuyers were replaced 
by horizontal ones injecting the blast into the converter at a certain 
height above its bottom. In the apparatus thus modified the copper no 
longer became chilled, but, as soon as it was produced, fell into the 
bottom of the vessel, below the horizon of the tuyers, where it remained 
in a perfectly liquid condition until the close of the operation. In this 
way it was found possible to convert the whole of the matte into metallic 
copper not containing above 1 per cent, of impurity. 

In order to overcome the inconvenience arising from the production 
of large quantities of ferruginous slags, numerous expedients had to be 
devised, but it was eventually found that when the mattes contained 
from 50 to 60 per cent, of copper the slags no longer presented great 
practical difficulties. 

In 1881 this method of treating copper mattes was installed on a 
practical scale at Eguilles, Yaucluse, by the erection of tliree blast- 
furnaces, each 1 6 feet in height, for the fusion of ores, two cupolas 8 feet 
in height for re-melting the mattes, and three convertors for the reduc- 
tion of mattes into metallic copper. This plant was afterwards duplicated 
by the erection of a similar number of furnaces and converters. The 
capacity of each of these plants is equal to the production of from 90 to 
100 tons of refined copper monthly. 

The ores treated at Eguilles are very variable in composition, con- 
sisting of copper pyrites from Savoy, 'which is by no means rich, impure 
hut tolerably rich ores from Aveyron and the Pyrenees, pure sulphides 
from Tuscany containing from 7 to 15 per cent, of copper, and ores from 
Algeria, some of wliich contain a considerable amount of antimony. 
These materials are frequently mixed with burnt cupriferous pyrites, 
copper-precijntate, furnace bottoms, &c. 

Fig. 133 represents a vertical section of tlie converter employed at 
Eguilles, lig. 134 is a horizontal section through the tuyers, and fig. 
135 a section at the level of the trunnions. Its greatest internal diameter 
is 4 feet 8 indies, its total height 8 feet, and the heiglit of the tuyers 
above the bottom 1 foot. Tlie inside of the condenser is lined with a 
mixture of fire-clay and siliceous sand, the blast being admitted through 
eighteen tuyers each ^ inch in diameter, formed of perforated fire-bricks 
9 inches in length. 

The operation is conducted in nearly the same way as when cast-iron 
is operated on in the Bessemer converter The vessel, previously heated 
to redness, receives a charge of 1 ton of fused matte, and the blast, at 
a pressure of from 10 to 12 inches of mercury, is turned on. The tem- 
perature rapidly increases, and thick white fumes of sulphurous anhydride 
escape into a hood in direct connection with a chimney 165 feet in height. 
After blowing for a period varying from fifteen to twenty minutes, accord- 
ing to the richness of the matte under treatment, white fumes cease to 
be evolved, and the contents of the converter are poured into moulds. 
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When the mattes operated upon are poor, the pouring off must be 
effected as rapidly as possible in order to avoid violent projections of the 
fused material. If, however, the mattes under treatment are moderately 
rich in copper, no difficulty of this nature is said to occur, and the pro- 
duct will be a material ready for the refinery, containing from 98 to 99 
per cent, of pure copper, with slags of from 3 to 5 per cent., which go 



Fig. 133.— Vertical Section 



Fig 134 —Section through Tuyers, 

The Hanh6s 


Fig. 135 —Section through Trunnions 
Conveiter. 


back to the blast-furnace. The lining of a converter usually requires 
renewal after from 10 to 18 blows. 

Mattes containing arsenic, antimony, lead, tin, and zinc, are said, 
when treated by this process, to yield copper of fair quality, since the 
foreign metals present are stated to be either oxidized or volatilized. 

The copper obtained from the converter has a nearly constant com- 
position, which varies but little from the following : — 

Copper . . . . . 98 ‘5 to 98*8 

Sulphur 0*9 ,, 0’8 

Iron 0*6 „ 0*4 

100 * 

Gruner estimated that at Eguilles a ton (1,000 kilos) of fine copper 
can be produced from 10 per cent, copper ores with an expenditure of 
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5 tons of coals, while he states that a ton of copper produced from the 
same ores by the Welsh method would require from 13 to 15 tons of a 
similar fuel He further estimated that the total cost of producing a ton 
of copper at Eguilles is from £6, 8s. to £6, 16s., while he computed the 
cost of producing the same quantity of copper from similar ores by the 
Welsh method at from £12, 16s. to £15. 

These figures, which are reproduced witliout comment, would, if 
correct, indicate an important advance in the treatment of copper ores. 
The establishment at Egiiilles continues to employ this method of work- 
ing, and licenses to operate under the various patents are stated to have 
been granted both in this country and in America. 

In a paper recently published by Professor T. Egleston,^ on the 
treatment of copper mattes at the works of the Parrot Silver and Copper 
Company, Montana, he states that when first invented it was supposed 
that the Manh^s process would produce blister-copper from matte in 
one operation. This can be readily accomplished when matte contain- 
ing 72 per cent, of copper is operated upon, but in practice it is generally 
found more economical to produce mattes containing about 40 per cent, 
of copper, and afterwards to blow them twice in the converter. 

The process, as a whole, now consists of a variable number of opera- 
tions depending on the extent of the plant available, and the number of 
blows to which the matte is to be subjected. 

For poor ores the operations are the following : — 

1. Melting the ores without previous calcination to obtain a matte 
yielding from 25 to 30 per cent, of copper. 

2. Fusion of this matte in a cupola. 

3. Blowing the fused matte in a converter until it contains 72 per 
cent, of copper. 

4. Fusion of the resulting matte in a cupola. 

5. Treatment of the fused matte in a converter for blister-copper. 

6. Eefining in a reverberatory furnace. 

For rich ores the process, with a sufficient number of converters, 
requires operations 1, 5, and 6 only, as the mattes should be run directly 
from the cupola to the converter. 

A more recent form of converter employed by M. Manhfes consists of 
a cylindrical horizontal vessel of plate-iron lined internally with fire- 
brick, and provided, on one side only, with a row of tuyers. The depth 
of these below the surface of the molten charge is regulated by the partial 
rotation of the cylinder. 

Wet Processes for Copper-Extraction. 

It has long been known that the waters issuing from certain copper 
mines contain a considerable amount of copper in the form of sulphate. 

> * School of 2iineg Quarterly,’ May 1886. 
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Agricola states that in his time the waters of a mine near SchmoUnitz, 
in Hungary, eroded iron and converted it into copper. Cupriferous 
waters of this description are plentifully discharged from mines of which 
the workings are extensive, and where sulphides of iron and copper are 
disseminated over extensive areas ; these are converted by oxidation into 
sulphates of iron and copper, and the resulting solutions are sometimes 
sufficiently concentrated to enable the copper to be extracted with profit. 
This is done by bringing the waters in contact with either wrought- or 
cast-iron, which, abstracting the sulphuric acid from the copper, the 
latter precipitates as a crystalline powder, while sulphate of iron is 
carried off in solution; the copper-preeipitate thus obtained is smelted 
and refined in the usual way. At San Domingos in Portugal and at Rio 
Tin to and Tharsis in Spain, enormous quantities of copper-precipitate 
are now annually produced. 

At San Domingos the waters from the mines are conducted over large 
heaps of cupriferous pyrites, through which channels for the circulation 
of air have been made, and the liquors thus obtained are collected in 
reservoirs, where the copper is precipitated by pig-iron. 

At Rio Tiiito and Tharsis a portion of the pyrites is burnt in large 
lieaps, telerofi^ previous to lixiviation, and the liquors obtained from the 
treatment of the burnt ore are used for leaching out the copper from a 
mixture of raw and spent burnt ores. 

At Agordo in the Venetian Alps, at Mlilbach in the Tyrol, and in 
certain localities in Norway, the process known as “Kernel-Roasting” 
lias been employed for the treatment of poor copper ores. When cupri- 
ferous iron pyrites, in fragments about the size of the fist, is slowly 
roasted in heaps, it is found that a large proportion of the copper becomes 
concentrated, near the centre of the several lumps, in the form of a 
rounded nucleus consisting of a double sulphide of copper and iron. 

This nucleus or “kernel,” which gives its name to the process, is 
enclosed in a somewhat porous “shell,” consisting, mainly, of ferric 
oxide, which can be easily detached by a hammer. The kernels are 
separated by liand, and smelted for copper, while the shells are lixi- 
viated with water to remove the small amount of cupric sulphate which 
they contain. They are afterwards employed to form the beds upon 
which fresh heaps of cupriferous pyrites are calcined. At Agordo 
the raw pyrites contains on an average 1*60 per cent, of copper, the 
kernels 7 per cent., and the shells 0*70 per cent, of that metaL At Rio 
Tinto the ores when roasted in heaps frequently yield kernels containing 
40 per cent, of copper. 

The water from the Wicklow mines in Ireland also holds a small 
quantity of cupric sulphate in solution, and, in order to extract the 
copper, it is conducted through a series of troughs interrupted at inter- 
vals by deep tanks or hutches. In these troughs, which are inclined at 
an angle of from 7® to 10®, pieces of iron are so placed that the water 
flows constantly over them, and cement-copper is precipitated; this is 

2 F 
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from time to time swept down into the tanks, and at intervals collected 
and sold. The waters from the Parys Mountain mines, near Amlwch, 
likewise afford a certain amount of copper annually, and those of many 
mines in Cornwall and elsewhere are similarly treated for the copper 
they contain. 

Htdbochloric-Acii) Pbocbss.— In the vicinity of the village of Twiste, 
in Waldeck, several beds of sandstone, to a greater or less extent im- 
pregnated with green carbonate of copper, have long been known. This 
ore, although varying considerably in its produce, yields, on an average, 
from to 2 per cent., and was formerly raised and smelted, but this 
method of treatment not having produced satisfactory results, the opera- 
tions were finally abandoned. 

The insoluble nature of the quartzose gangue with which the copper 
is associated, suggested, some thirty years since, to Mr. Rhodius, at that 
time proprietor of the Linz metallurgical works, the possibility of treat- 
ing such ores by hydrochloric acid, and an establishment for that purpose 
was erected about the year 1855. 

The arrangement employed consisted of a crushing- mill for the 
reduction of the sandstone to a small size, sixteen dissolving- tubs to 
effect the solution, and a considerable number of tanks and reservoirs for 
the reception of the copper-liquors and the precipitation of the metal 
by iron. Each of the sixteen dissolving- tubs was 13 feet in diameter 
and 4 feet in depth, and was furnished with a wooden revolving agitator, 
set in motion by shafting connected with a water-wheel. This apparatus 
was suflScient for the treatment of 20 tons of ore daily, and the conse- 
quent production of from 6 to 8 cwts, of copper. In 1856, when the 
writer visited Twiste, the ore was raised and brought into the works at 
a cost of 4s. per ton, and each operation was completed in twenty-four 
hours — the liquors being removed from the tanks to the precipitating 
troughs by wooden pumps. 

The acid employed at this establishment was procured from alkali- 
works in the vicinity of Frankfurt ; it contained only 16 per cent, of real 
acid, and cost, delivered at the works, 2s. per 100 lbs. Each ton of 
sandstone operated on required 400 lbs. of acid, which was diluted with 
water down to 10 per cent, before being added to the ore. In order to 
precipitate 1 ton of copper, 1^ ton of iron scrap was used, and the 
residues removed from the wa.shing-vats after the operation retained but 
one-tenth of 1 per cent, of copper. 

How long this process was successfully carried on we are not aware, 
but are informed that the works ultimately became unprofitable on 
account of a falling off in the yield of the ores. 

This process for extracting copper from poor siliceous ores was for 
several yearn used at Alderly Edge, Cheshire, where it was introduced by 
Mr. Henderson. 

The copper here occurs, chiefly as carbonate, in Bunter Sandstone, 
of which very large quantities were raised and treated; but the results 
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obtained did not, at the ordinary price of copper, leave a large margin 
of profit. 

Longmaid's Processes. — In the year 1842 Mr. William Longmaid 
took out a patent for “ Improvements in Treating Ores and Minerals, and 
in obtaining Various Products therefrom, certain Parts of which Improve- 
ments are Applicable to the Manufacture of AlkalL” This invention con- 
sists in roasting ground iron pyrites with common salt in a reverberatory 
furnace, by which sulphate of sodium is produced, while any copper that 
may be present is transformed into soluble cupric chloride. “The copper 
may be separated from the solution either with iron, as is well understood, 
or, as I prefer, by the addition of lime slaked in water, forming a milk of 
lime.” The specification goes on to say : “ The solution from which the 
copper has been separated may, if required, be concentrated by boiling, 
and set aside to crystallize in suitable vessels, very fine crystals of sulphate 
of soda being obtainable.” 

In the specification of a second patent, granted in 1844, for “An Im- 
provement in the Manufacture of Copper, Tin, Zinc, and Peroxide of 
Iron,” Mr. Longmaid makes the following observations : “ I have dis- 
covered that there are circumstances under which, and situations where, 
ores containing copper, tin, and zinc, with sulphur, may with advantage 
be treated with common salt for obtaining the metallic parts, without 
depending mainly on the profits derivable from the sulphate of soda.” 
The liquors obtained by the lixiviation of ores which have been furnaced 
with addition of common salt will contain various metals in solution, 
together with sulphate and chloride of sodium. “ And I wish it to be 
understood that this invention is confined to treating ores containing 
copper, tin, or zinc. The copper contained in any liquor obtained as 
above ex])lained may be precipitated, as is well understood, by means 
of iron, and the milk of lime may be subsequently employed for sepa- 
rating the zinc associated with an excess of lime and with some oxide 
of iron. 

“ The oxide of tin separates from the liquor by gravity with residuary 
matters, and if they be not broken fine enough for the washing process 
to separate the oxide of tin, they are to be broken before washing, to 
separate the tin in the ordinary manner. If the whole of the copper 
and zinc be not converted into the soluble form by the first operation, the 
insoluble residue may be treated with weak muriatic acid obtained by 
condensing that product (as is well understood) as it is evolved from the 
furnace where the ores are being treated with common salt, as above ex- 
plained, or weak muriatic acid, otherwise obtained, may be employed 
to dissolve the copper and zinc not before rendered soluble in water, and 
these metals may be separated from the solutions thus obtained, as above 
explained.” 

This process was worked for several years at St, Helena, where the 
copper was first precipitated by iron, and the liquors subsequently 
evaporated down for salt-cake ; it was abandoned about the year 1863^ 
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At the works' of Messrs. Allen, near Newcastle, it was likewise followed 
in its entirety for many years, but was ultimately so modified as to be 
applied only to the burnt pyrites obtained from vitriol kilns, and the 
recovery of sulphate of sodium was no longer attempted. 

Hbnderson^s Process.” — In 1860 Mr. William Henderson filed a 
specification for “Improvements in Treating certain Ores and Alloys, 
and in obtaining Products therefrom.” 

“These improvements relate, first to the treatment of copper and 
several other ores, when they exist as, or have been reduced or converted 
to the state of oxides, carbonates, or other salts of copper, or other metal, 
and especially when associated with silica and other matter insoluble in 
dilute acids. 

“ Secondly, to the treatment of ores of copper, lead, zinc, antimony, 
silver, cobalt, and several other metals, when they occur as sulphurets, 
mixed or singly, and combined with sulphur and iron, as iron pyrites, 
containing all or either of these metals, or partially calcined or burnt, 
and being then a mixture of oxides, sulphates, and sulphurets, with or 
without silica. 

“And thirdly, to similar compounds when they exist wholly as oxides 
or salts, and associated with much silica.” 

Ores of the first class he proposes to attack, either with or without 
a preliminary roasting, by sulphuric acid, and to evaporate the resulting 
sulphate of copper to dryness in leaden pans, the anhydrous sulphate of 
copper being subsequently so heated as to drive off the sulphuric acid 
which is condensed in a leaden chamber. The resulting oxide is tlien 
mixed with carbonaceous matter and a small quantity of a siliceous ore, 
and is smelted in a reverberatory furnace in the usual way ; the products 
will be blister-copper and slag free from regulus. 

“The second class of ores I treat as follows: If the proportion of 
sulphur existing in the ore is more than one and a half times as much as 
the metal or metals to be extracted, it should be reduced to at least that 
amount by calcination, or if the ore contains much silica the proportion 
of sulphur may be even lower than an equal proportion. The ores are 
reduced to fine powder, the finer the better, and mixed with from 5 to 50 
per cent, of common salt. The mixture is then placed in retorts or close 
calcining-furnaces, having flues or pipes communicating with the interior 
of the furnace or retort, and a condensing-apparatus. In tliese furnaces 
the mixture is subjected to various degrees of heat, according to the 
nature of the ore and the metal or metalf, contained in it. If the ore 
contains much sulphur and little silica, the heat must be applied carefully 
at first and gradually increased, stirring at short intervals. When the 
ore is one of copper or zinc, and has been previously burnt or calcined, 
the mixture of salt and pulverized ore may bo at once subjected to a 
bright red heat; the volatilized chlorides passing into the condensing 
apparatus are condensed with water. The ore is withdrawn from the 
furnace whenever it ceases to smoke strongly, and if any copper or other 
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metal still remains in the calcined ore it is only necessary to wash it 
with tha hot acid solution that runs from the tower or condensing- 
apparatus ; by these means the last trace of copper or other metal is 
readily extracted. The copper or other metal is obtained from these 
solutions by precipitation with iron, lime, or an alkali, and the sulphate 
of soda may be afterwards obtained by evaporation and crystallization. 
When a mixed ore is under treatment containing metals whose chlorides 
volatilize at different temperatures far removed, such as copper and tin, 
copper or zinc and arsenic, lead and antimony, I employ a furnace with 
two or more beds, all lieated by the same file or fires, each bed having a 
separate condenser. By these means the arsenic, tin,^ or antimony are 
volatilized in the upper or colder beds and separately condensed, and the 
copper, lead, or zinc in the lower and hotter beds. 

“The third class of ores I treat exactly as the second class, the 
silica taking the place of the sulphur and decomposing the salt at a 
red heat.” 

It will be seen that the method of treatment patented by Mr. Hender- 
son for ores of the second and third classes does not materially differ 
from that of Mr. Longmaid, excepting that the former proposes to volati- 
lize and subsequently to condense a large proportion of the copper. 

The amount of copper thus volatilized is, practically, of no importance, 
but considerable quantities of chlorine and hydrochloric acid are evolved 
from the furnaces in which the calcination of the mixture of ore and salt 
is effected. These are condensed and advantageously employed for the 
lixiviation of roasted ores. 

At the period when Mr. Longmaid was carrying out his invention 
the supply of ores suitable for his process was exceedingly limited, and 
was chietly derived from the mines of Cornwall and Devon ; by the time, 
however, his method, in a more or less modified form, had been incor- 
porated into the patents of Mr. Henderson, Spanish and Portuguese 
cupriferous pyrites had found their w'ay extensively into the English 
market. These, after being used as a source of sulphur, furnish an 
excellent material for such treatment^ and numerous works have been 
established for extracting copper from “ burnt ores ” by calcination with 
salt and subsequent lixiviation. 

Treatment of Burnt Cupriferous Pyrites. — Very lai'ge quantities of 
cupriferous pyrites are annually sent into Great Britain from Spain and 
Portugal, but Norwegian pyrites is no longer extensively imported into 
this country. Spanish and Portuguese pyrites are approximately uniform 
in their composition, and the limit of variation in the amount of copper 
present may be taken at about per cent. A specimen of this mineral 
from the mines of San Domingos, in Portugal, which formerly supplied 
more than one-half of the cupreous pyrites consumed in this country, was 
found by Mr. E. Claudet to have the following composition : — 

^ Wh6ii ores containing stannic oxide are thus treated chloride of tin is not formed. 
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S 49-00 

Ab 0-47 

Pe 43 55 

Cu 3-20 

Zn 0-85 

Pb 0-93 

CaO 0-10 

HaO 0*70 

Siliceous residue 0’63 

Oxygen and traces of various metals . . . .1*07 


100 00 

This pyrites, after being burnt for the manufacture of sulphuric acid, 
leaves a residue representing about 70 per cent, of the weight of the raw 
ore, which is treated in the wet way for the copper it contains ; an aver- 
age sample of burnt San Domingos p}Tites was found on analysis to have 
the following composition : — 
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The treatment of these residues for copper comprehends the four 
following operations : — 

I. Grinding and sifting. 

II. Calcination with salt. 

III. Lixiviation. 

IV. Precipitation of the copper by iron. 

L Grinding , — For this purpose edge-mills or rolls are commonly em- 
ployed, and, in order to insure uniformity of mixture, the salt is added 
to the burnt ore previously to grinding. Coarsely crushed rock-salt, 
added in the proportion of from 12 to 15 i>er cent., is generally used. 
Before, however, proceeding to grind the burnt ore, it is necessary to 
ascertain the amounts, respectively, of copper and suljdiur which it con- 
tains, since on the relations existing between these bodies depends, to a 
great extent, the success of the operation. In the majority of cases the 
amount of sulphur should exceed that of the copper by about ^ per cent. 
The estimation of the former is effected by barium chloride, and the 
resulting sulphate of barium weighed ; the latter is usually estimated 
by the use of a standardized solution of potassium cyanide. 
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When the proportion of sulphur in the burnt ore is less than that 
above stated, an addition must be made of finely ground unbumt pyrites ; 
if, on the contrary, sulphur is present in excess, the ore must be mixed 
with other burnt pyrites from which the sulphur has been more com- 
pletely expelled. The mixture of burnt ore, salt, and, when necessary, 
raw pyrites, is passed through a sieve having five meshes to the linear 
inch, and is then ready for the next operation. 



II. Calcination . — The furnaces in which this mixture is subjected to 
calcination vary considerably in their construction ; at the various works 
belonging to the Tharsis Sulphur and Copper Company muffle furnaces, 
with fireplace at one end, are employed ; at the Bede Metal Company’s 
works at Jarrow-on-Tyne automatic furnaces, with revolving hearths, are 
to some extent used ; but in many cases long muffle furnaces fired by gas 
are preferred. 



Fig 137. —Rousting* Furnace ; longitudinal section. 


Figs. 136, 137, 138, and 139, represent the ordinary gas furnace in 
use in a great number of tlie Lancashire extraction* works. The first is a 
longitudinal elevation, the second a longitudinal section, and the third a 
horizontal section through the working-doors ; fig. 139 is a transverse sec- 
tion through the centre of the fire-box, a. This furnace is 30 feet in length 
and 1 1 feet in width, outside measure. The gas from the producers is 
conveyed to the different furnaces through the flue. A, fig. 139, and enter- 
ing the box, a, is admitted to the five parallel flues, h, separated from 
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one another by brickwork pillars, c, the supply being regulated by 
dampers, d, fig. 137. A sufficient amount of air to consume a portion 
of this gas is admitted by apertures, e (fig. 137), at the end of each flue, 
which can be closed by sliding doors, while the portion which remains 
uiiconsumed is burnt by the aid of a further supply of air admitted by 
the openings, /, into the space, h\ situated at the opposite extremity of 



the five flues. In this way a long flame is made to travel under tlie 
bottom of well-joiuted and rebated tiles, g, and over the brick arch of the 
muffle. By this means a toleiably equable temperature is maintained 
throughout the whole length of the apparatus, and the products of com 



Fig 139.— Roosting Furnace ; transverse section through fire-box. 

bustion escaping by are conveyed to the main flue, I, and pass direct 
to the chimney. 

The gases and vapours evolved from the charge are carried by a flue, 
m, to the flue, N, and pass through an ordinary condensing-tower, filled 
with coke, on their way to the chimney. 

The mixture of ground ore and salt is charged, by means of a high- 
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level railway, through the hoppers, h, and is at once evenly spread over 
the surface of the hearth, where it is kept at a dull red heat and fre- 
quently stirred by paddles or rakes, through the doors, Z, until an assay 
indicates that it is in a fit state for drawing. This is determined in the 
following way : — A fair sample of the charge is obtained by removing a 
small portion with a paddle from every part of the hearth ; about one 
ounce of this is taken, and after being finely ground in a cast-iron mortar, 
it is boiled with water, which is subsequently poured off. This operation 
is repeated, successively, three times, and the residue afterwards boiled 
with dilute hydrochloric acid, which is in its turn poured off, and excess 
of ammonia added to it ; finally, the residue from hydrochloric acid is 
boiled with nitric acid, and ammonia added in excess. If it be found by 
these trials that the attack by hydrochloric acid only acquires a slightly 
blue tint, and that the nitric acid solution is entirely, or very nearly, 
colourless, the charge is ready to be drawn, since it indicates that, prac- 
tically, the whole of the copper has been rendered soluble in water. 
When, on the contrary, the nitric acid solution contains copper, it shows 
that calcination has not been continued for a sufficient length of time, 
and should the hydrochloric acid solution, on the addition of an excess 
of ammonia, become decidedly blue, it is probable that the amount of 
sulphur present in the charge is not sufficient to effect the necessary 
chemical transformations. 

During the process of roasting, the sulphur becomes oxidized, and 
sulphate of sodium and soluble cupric chloride are formed ; unless, how- 
ever, the charges are properly compounded and carefully worked at a 
suitable temperature, a large quantity of comparatively insoluble cuprous 
chloride will be produced, and a serious loss of copper in the residue will 
be the result. The charge weighs 3 tons 5 cwts., and the time required 
for furnacing is about six hours ; the hydrochloric acid and chlorine which 
are evolved, together with a small quantity of iron and copper chlorides, 
are passed into a condcnsing-tower, through which a constant shower of 
water is caused to descend. These waters, which are somewhat acid, 
are employed for the lixiviation of calcined ore, and, in addition to 
hydrochloric acid and chlorine, contain iron and traces of copper. 

III. Lixiviation , — The calcined mixture of burnt ore and salt is raked 
from the furnace, through the doors, in one of its sides, and while still 
hot, is charged into lixiviating tanks, which are usually from 10 to 11 feet 
square, and somewhat less than 4 feet in depth. These are made of wood 
tightly calked, and are provided with a removable false bottom, either 
of perforated tiles or of fire-bricks, supported on other bricks resting, on 
edge, on the floor of the tank. Upon this is placed a layer of cinders 
3 inches thick, forming a coarse filter, on which are charged about 
15 tons of the calcined ore. The plug-hole between the bottom of the 
tank and the filter bottom is now closed, and either hot water, weak 
liquors, or tower-liquors are run in, until the surface of the ore has been 
covered to a depth of several inches. This is allowed to remain about 
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two hours, when it is rftn off into proper receivers, end the tank again 
filled with hot water, weak liquors, or tower-liquors. In this way each 
tank receives from nine to ten successive washings, and at about the 
seventh washing a little hydrochloric acid is sometimes added. All the 
liquors which drain from the several tanks after the addition of acid are 
collected in a separate receiver, and, instead of being run into cisterns 
containing iron scrap for the precipitation of the copper, they are employed 
under the name of “ weak liquors ” for washing the next series of tanks 
filled with freshly fumaced ore. The operation of wa>liing occupies 
about forty-eight hours, and the residual ore, which is sold for 

“ fettling ** puddling-furnaces, as well as for other purposes, and of which 
an analysis is given, p. 292, should not contain above 0*15 per cent, of 
copper. The testing of the purple ore is conducted in a similar way to 
that of the furnaces. 

Considerable quantities of fume are deposited in the flues connecting 
the various furnaces with the condensers ; these are from time to time 
cleaned out, and the deposit treated for the copper it contains. A sample 
of dry dust, obtained in cleaning a flue at the Widnes ^letal Works, in 
connection with eight calciners working on San Domingos ores, was 
found to have the following composition : — 

AsijOs . 

BijOs . 

SbaOs . 

ZnO . 

FejOj . 

PbO . 

CuO . 

AljOs . 

CaO . 

MgO . 

KaO . 

NaaO . 

KaCl . 

SO3 . 

SiO, . 

100-26 


2-21 

0 - 23 
4-06 

16-98 

2-00 

26-33 

trace 

2-38 

trace 

0*23 

1 - 81 
2-73 

40-32 

trace 


This analysis is chiefly interesting as showing the large number of 
metals contained in the ores treated. 

IV. Precipitation , — In establishments in which the silver is extracted 
from burnt pyrites by Claudet’s process, ^hc liquors from the first three 
washings, which contain, practically, the whole of that metal, are first 
treated with a soluble iodide, and the iodide of silver formed is allowed 
to settle. The copper-liquors drawn off from the iodide of silver are, in 
such cases, added to the weaker solutions from subsequent washings ; 
but when the silver is not thus separated the whole of the copper solu- 
tions, with the exception of the weak liquors, are at once run directly 
into the precipitating-tanks. These are commonly 12 feet square and 4 
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feet in depth, and are partially filled with clean iron scrap; precipitation 
of the copper being accelerated by boiling the liquors by the introduction 
of a jet of steam. In the course of some twelve hours complete precipi- 
tation of the copper will have taken place, and, when stains of that metal 
are no longer deposited on a brightly polished knife-blade when dipped 
into the liquors, they are first allowed to settle, and subsequently run off. . 

In order to separate the precipitated copper from the undissolved iron 
the mass is turned over with an iron fork, and the larger pieces of that 
metal picked out. The remainder is now washed on perforated cast-iron 
plates, through which the particles of precipitated copper pass into a 
properly constructed receiver ; the fragments of iron are raked off their 
surface and returned to the precipitating tanks. The lyreci'pitate thus 
prepared will contain from 60 to 80 per cent of metallic copper, and 
may be either melted directly for blister-copper, or, which is preferable, 
fused with sulphides, and afterwards subjected to a process of roasting. 

Modifications of the Ordinary Wet Process. — In some establish- 
ments, instead of precipitating the copper by the use of iron scrap, 
sponge-iron has been employed. This is prepared by heating a mixture 
of coke-dust and purple ore in a reverberatory furnace, and drawing the 
reduced metal into cast-iron vessels, which are hermetically closed until 
they and their contents have become nearly cold. When sufficiently 
cooled, the spongy metal is ground under edge-runners, and sifted through 
a fine sieve. The precipitation of copper is very rapidly effected by the 
use of iron sponge, but the precipitate obtained invariably contains a 
considerable percentage of iron. 

The amount of sulphate of sodium produced during the treatment of 
burnt pyrites in the wet way is very considerable, and various attempts 
have, at different times, been made to effect its recovery by crystallization 
or otherwise. At the Bede Works the waste liquors W'ere for some time 
converted into soda-ash by a process invented by Mr. T. Gibb, the then 
manager; sulphate of sodium in the waste liquors was converted into 
sodium sulphide by balling with coal-dust, and carbonic anhydride passed 
through the liquors obtained by lixiviation. Carbonate of sodium was 
thus formed, and the sulphuretted hydrogen evolved was employed for 
the precipitation of copper from the solutions obtained by washing cal- 
cined ores. The processes adopted were, however, of a complicated 
nature, and this method of treating the liquors has been long since 
abandoned. 


Copper-Refining by Electrolysis. 

In order to obtain chemically pure copper, and, at the same time, to 
recover the silver and gold which is present in notable quantities in many 
varieties of bar-copper, the process of refining by electricity is sometimes 
employed. 

In the year 1866, Messrs. Elkington of Birmingham obtained letters 
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patent for a process of this description in winch impure copper, in com 
iiection with the |H»sitive |Ki]e, is plactnl in a suitable solution, while in 
}>ro{>ortiun us this inipim* copjwr disM>lve«, pure cupj)er is de|K>8ited on 
the ijei:ative pole, Tlie s]H»cilicathm further states that a series of tanks 
containing a nearly SiituraU*d solution of sulphate of copfHT is to be em- 
pAned, aii’i that a magnet o-eleelric machine is to be preferred as th« 
s<.>urce of electricity, 

CopjHjr- refining by electrolysis has now for some years been exten- 
sively carried on by the ^’o^ddeutsohe Allinene at Hamburg, by MM. 
iE^chger and Mesdach at Biache-Saint- Waast, by M. llilarion Roux 
at Marseilles, at the Oker Works, and by the Mansfeld Mining Co. in 
Saxony, by Lyon-Alniand Co., l^aris, by M. Andre in Frankfurt, and 
by sundry refiners in this country, among the principal of w^hom are 
Messrs. Elkington & Co., and Messrs. Elliott^s Metal Co., Limited, of 
Birmingham. 

As the establishments in which refining by electricity is carried on 
are not easily accessible to strangers, it is impossible to obtain precise 
information relative to all the details of the various operations. The 
Xorddeutsche Affinerie at Hamburg is conducted upon a very extensive 
scale, and the copper produced in that establishment has the reputation 
of being of exceptionally good quality. The following data relating to 
that and some other refineries are given on the authority of a recent 
work by M. Hippolyte Fontaine.^ 

The currents employed at the Norddeutsche Affinerie are obtained 
from six large Gramme machines and from another very large dynamo 
specially constructed for these works. 

Pure copper to the amount of tons is produced daily, and a very 
large amount of gold is stated to have been annually recovered from the 
muddy residues deposited in the baths. 

The large machine before mentioned makes 500 revolutions per 
minute. The number of baths is 40, arranged in two series of 20 each ; 
the surface of the anodes in each bath is 323 square feet, thus making a 
total of 12,920 square feet. The cathodes, of fine copper, are about 
inch in thickness, the distance between the anodes and cathodes is 2 
inches, and the daily production of refined copper 1,760 lbs. avoirdupois. 
This machine has worked continuouhly night and day during the last 
nine years, with an expenditure of 16-liorse power. Two other series of 
tanks are more economically worked with regard to the power employed. 
In these two series there are 120 baths, arranged for tension, each hav- 
ing an anode surface of 161 square feet. The current is supplied by 
two Gramme machines, coupled for tension, requiring 12-horse power, 
and depositing 1,980 lbs. of copper every twenty-four hours. 

At the works of MM. (Eschger and Mesdach, a machine is 
employed in all respects similar to that made for the Norddeutsche 


* j^ectrolvie par Hippolyte Fontaine, Librairie Poly technique,’ Paria, 1885. 
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Affinerie at Hamburg, and furnishes a current to 20 baths, yielding a 
production of 880 lbs. of copper daily. Each bath contains 88 anodes 
and 69 cathodes, of which the total surfaces are equal. The anodes have 
a thickness of | inch, and the cathodes, which are of pure copper, are 
inch in thickness. If both surfaces of the anodes be measured their 
united area will be 12,900 square feet. The distance between the 
anodes and cathodes is 2 inches, and the copper is deposited upon the 
latter in the form of thick plates, sufficiently sound to be taken directly 
to the rolling-mill. Frequently, however, the refined copper is detached 
from the cathode, which is readily accomplished. 

The gold and silver fall to the bottom of the tanks in the form of a 
muddy deposit, together with such pieces of copper as may, from time 
to time, become detached from the plates forming the poles. The baths, 
when required, are emptied by a leaden syphon, and the mud is washed 
and passed through a sieve to separate any pieces of copper which may 
be present. After drying, this deposit is fused with litharge, and the 
resulting lead subjected to cupellation. 

At the Oker Copper Works, near Goslar, three large dynamos 
have been put up by Me‘5srs. Siemens & Co., one of which has been 
working continuously during the last four years, but the two others are 
of more recent construction. Each of these machines supplies a current 
to 10 or 12 large tanks, and precipitates daily from 528 to 660 lbs. of 
copper, witli an expenditure of from 10- to 12-horse power. 

M. Fontaine gives the following estimate of the cost, per ton, of re- 
fining copper by electricity at various works, but is careful to call attention 
to the fact that it must be regarded only as a very rough approximation. 


Cost of Refining Copper by Electricity. 


Name of Works, 

i 

I 


Hilarion Roux, Mar- 
Beillen 

Norddeutflche Affin- 
I erie, Hamburg. 

Elliott’s Metal Co., 
I Birmingham . 


Interest 
on Capital. 

Motive 

Power. 

Repairs. 

Labour. 

General 

Expenses 

1 

Totals. 

! 

£ 8. d 

£ 8. d. 

£ 8. d 

£ 8. d 

£ 8. d 

£ 8 d j 

3 3 0 

4 9 8 

0 15 0 

2 17 8 

4 6 8 

15 12 0 

I 2 11 9| 

,1 11 7 

0 9 7 

1 12 0 

1 12 1 

7 17 0 

18 9 

7 4 0 

1 4 0 

2 6 3 

2 6 3 

14 9 3 


As an example of the extent of plant required for this method of 
refining it may be stated that in the Hamburg establishment there are 
no less than 12,800 square feet of anode, and an equal surface of cathode, 
in operation at the same time ; and that the total weight of copper con- 
stantly in the baths is 125 tons. 

Copper-refining by electricity is consequently an expensive operation, 
necessitating an extensive plant and a considerable amount of unproduc- 
tive stock. On the other hand, the copper obtained is purer, and fetches 
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a higher price, than that produced in the ordinary way, while the whole 
of the gold and silver contained in the copper operated on is recovered 
and made available* 

Treatment of Copper Mattes by Electrolysis. 

By the Marchese process the mattes operated upon are cast into 
plates so as to form anodes, while the catliodes are thin sheets of copper ; 
these are immersed in baths containing from 3 to 4 per cent, of copper 
obtained by roasting and lixiviating rich copper mattes. At Stolberg, 
where mattes containing copper, lead, and silver have recently been sub- 
jected to electrolysis upon a working scale, their composition is approxi- 
mately as follows : — 


Cu 

, 

. 


, 1 5 to 1 6 per cent. 

Pb 

, 


, 

14 

Fe 




41 to 42 „ 

S . 



. 

25 

Ag 


. 


. 16 oz. 7 dw 


These mattes are obtained by roasting and re-melting the coarse-metal 
resulting from the treatment of argentiferous lead ores containing copper. 

The dynamo employed is by Siemens & llaLske of Berlin, belong- 
ing to their class Co, making 1,118 revolutions p(‘r minute, and consuming 
somewhat less than one horse-power. The copper, which is deposited at 
the rate of 29*30 lbs. avoirdupois in twenty-four hours, is chemically pure, 
while the lead and silver, which either remain on the anod(*s or accumulate 
in the form of mud at the bottom of the tanks, are treated by one of the 
ordinary methods employed for the separation of those metals. 

The above experiments, upon a moderate scale, liaviiig been regarded 
as satisfactory, the “Actien Ge.sellschaft von Stolberg und Westphalen’’ 
has proceeded to erect works capable of producing from 12 to 13 cwts. of 
copper in twenty-four hours from their own and purchased mattes. Ulti- 
mately M. Marchese hopes to be enabled, from such mattes, to deposit a 
ton of copper in twenty-four hours with an expenditure not exceeding 45 
horse-power. 

This process has been carried on during the last eight montlis (1885) 
at Sestri Levante, near Genoa, by the “ Societk di Miniere di Kame e di 
Elettrometallurgia,” on mattes containing 20 per cent, of copper, and 
another establishment was subsequently started at Ponte San Martino, 
Piedmont, on very similar material The process employed is similar to 
that in operation upon the plumbiferous mattes of Stolberg. 

Alloys op Copper. 

The addition of zinc materially affects the colour of copper ; if added 
in small proportion, the alloy assumes a golden > yellow colour; if the 
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percentage of zinc be greater a pale-straw colour is obtained, and if zinc 
predominates, the colour of the alloy is greyish-white or iron-grey. 

Various alloys of this kind, of which the most important is known by 
the name of hrass^ are employed in the arts. The proportions of the 
two metals best calculated for the production of fine brass seem to be 
about two parts by weight of copper to one of zinc. 

Brass solder consists of two parts of brass and one of zinc, to which 
a little tin is occasionally added ; but when the solder is required to be 
very strong, as for uniting the edges of tubes intended subsequently to 
undergo the process of drawing, two parts of common brass and two- 
thirds of a part of zinc may bo employed. Mosaic gold consists, approxi- 
mately, of 65 parts of copper and 36 of zinc. Bath~metal is composed 
of about 78 parts of copper and 22 of zinc. Pinchbeck and Mannheim 
gold are merely different names for an alloy similar to Princess metals 
which is composed of three parts of copper and one of zinc, separately 
melted in different crucibles, and afterwards mixed and incorporated by 
stirring. 

Copper is sometimes externally converted into brass by exposure, when 
at a red heat, to the vapour of zinc ; in this way are prepared the copper 
bars from which the so-called “ gold wire ” of Lyons is manufactured. 

Copper is also extensively alloyed with tin, in combination with which 
it yields many valuable compounds, variously named in accordance with 
their resj)ective compositions and uses. 

Gun-metcd, of which cannon are made, consists of, about, copper 91, 
tin 9. 

BelUmrtal is composed of, about, copper 78, tin 22. 

The alloy of which gongs and cymbals are manufactured has usually 
the following composition : copper 80, tin 20. 

Bronze, — Alloys of copper and tin, although still important, were 
more so before iron was extensively used, since prior to that period they 
were employed in the manufacture of cutting instruments. For this 
purpose a mixture of 90 parts of copper to 10 of tin was most commonly 
used, althougli a little lead was occasionally added, perhaps with a view 
of imparting to the alloy a certain degree of toughness. 

The preparation and fusion of these different mixtures is, according 
to the quantities required, conducted either in a reverberatory furnace, 
or in strongly heated crucibles. 

German silver, an alloy of copper, zinc, and nickel, has been long 
known and extensively used in China, and was formerly imported into 
Europe under the name of iiackfong. In 1776 it was first recognized as 
an alloy of copper and zinc with nickel, and from being afterwards 
largely manufactured in Germany it received the name of German silver. 
It is now extensively prepared in various parts of England, but particu- 
larly at Sheffield, whore it is manufactured into spoons, forks, and various 
other articles for domestic use ; these are plated by the electrotype pro- 
cess, and employed as a substitute for silver. 



PhotfkcT-bwtUd is tA alloy particularly well-suited for making fine 
and aouiid castinga; a go^ specimen of this material was found on 
aiudyna to liate the following composition : — 


Cu 82-20 

Sn 12-05 

Pb , . 4-28 

P 0-52 


99*95 

The electric conductivity of phosphor-bronze is only about 20 }K.*r 
cent, that of copper, but silicon-bronze conducts electricity almost a.'J well 
as copper itself. 

Manganese -bronze is prepared by combining ferro-manganese, in 
different proportions, with various bronze anti brass alloys, thus produc- 
ing qualities suitable for special purposes. This alloy i.s employed as a 
material for the propelling-screws of steamers. 

Delta-metal is an alloy of copper, zinc, and iron, j>re|)ared by adding 
to melted copper tlie alloy of zinc and iron which is formed in vessels 
in which the latter metal is externally covered with tlie former by the 
process known as ** galvanizing.” When fused it is said to run freely, 
and to afford fine-grained and perfectly sound castings, which in colour 
somewhat resemble pale gold. It is ea-sil^* rolled into sheets or bars, and 
can be drawn into wire. Under favourable circumstances this alloy is 
said to withstand a breaking strain of 33 tons per square inch. 

Although the foregoing are some of the more important alloys of 
copper, there are numerous others which are occasionally employed by 
the artisan. With iron it appears to combine in very small proj)ortions 
only, with aluminium it forms an alloy of considerable malleability and 
great hartlness, which is capable of taking a high polish. 

Brass. — Brass, for which the old nanie is laiten^ is essentially an alloy 
of copper and zinc. 

: The first brass-works erected in England are said to have been put into 
operation in 1649 at Esher, in Surrey, where rosette-copper, imported 
from Sweden, was exclusively employed in the manufacture ; the pro- 
prietor having, however, become involved in a disastrous lawsuit, the 
establishment was ultimately broken up. Birmingham, •where the trade 
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is stated to have been first introduced in 1740, by the Turner family, is 
now tii<* princi])al seat of the brass industry of this country. Brass is 
liarder tlian copper, and consequently better calculated to resist wear ; it 
is also in a high degree malleable and ductile, so that it is easily rolled 
into sheets and readily hammered into vessels of any required shape. It 
can, moreover, be worked by the process of stamping into numerous 
ornamental and useful objects, and admits of being drawn into fine wire ; 
it fuses at a lower temperature than copper, and is capable of receiving a 
more delicate impression of the mould. Finally, it turns easily in the 
lathe, its colour is agreeable, it is capable of receiving a high polish, and 
it possesses over copper the advantage of greater cheapness. 

Until a comparatively recent date brass was exclusively made by the 
old process of cementation, which has become superseded by directly 
alloying copper with metallic zinc. 

The general name of brass is applied to alloys of copper and zinc, into 
the composition of which the two metals enter in very different propor- 
tions. The following table, compiled from Mr. Mallet's figures (Report 
of the Meeting of the British Association at Glasgow, 1839), gives the 
proportions and peculiarities of several varieties of brass : — 


Cu. 

Zn. 

Colour of Alloy. 

Fracture. 

Remarks. 

88-60 

11-40 

Red dish -yellow . 

Finely crystalline. 


83-02 

16 98 

Yellowifch-red 



79 65 

20-35 



Rolled brass. 

74-58 

25-42 

Pale yellow . 

ft 

Mosaic gold. 

66-18 

33-82 

Full yellow . 

ft • 

German brass. 

49-47 

50 53 

If 

Coarsely crystalline . 

\ German watchmaker's 
1 brass. 

31 52 

68 48 

Silver- white 

Conchoidal 

Very hard and brittle. 

24 -50 , 

1 1 

75-50 

Ash-grey 

Finely crystalline . 1 

Brittle. 


Manufacture of Calamine Brass . — This very ancient process, by which 
for a long period brass was exclusively manufactured, seems to have dis- 
appeared from amt ng the industries of the United Kingdom. The various 
operations of this process are conducted in the following way : — The fur- 
nace employed consists of a circular chamber lined with fire-bricks, con- 
tracted above to a circular opening serving as a chimney ; the bottom is 
closed by a cast-iron plate, in which are twelve holes, symmetrically 
arranged around one larger hole in the centre. Through this central 
hole are withdrawn the ashes and clinkers, which fall into an ash-pit, 
communicating, by means of an arched air- way, with a long passage or 
vault by which air is conveyed to the furnace from the outside, and 
through which access to the ash-pit is obtained. Over the holes in the 
bed-plate, with the exception of that in the centre, are placed cast-iron 
tuyers or nozzles, 6 inches in length, 2 inches in diameter at bottom, 
and 1 inch at top, inside measure ; the space between the nozzles is filled 
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up level with their upper extremities with refractory bricks set in fire- 
clay, so as to form a level floor 6 inches in thickness. This forms a 
substitute for the ordinary fire-grate, the air necessary for sustaining 
combustion entering through the different nozzles. Several of these 
furnaces are usually constructed in a row, and over tlie whole is built a 
brickwork chamber terminating in a cone open at the top like tliat of an 
ordinary glass-house. These furnaces have no chimney excepting the 
mouth, which is kept more or less closed by a sliding cover consisting of 
a circular fire-tile set in an iron framing. 

The crucibles employed are round, and made of fire-clay, each being 
12^ inches in height and 8i inches wide at top; the central crucible, 
sometimes called the king-pot^ is often a little larger than the others, 
being capable of holding 120 lbs. of metal, whereas the others contain 
only 84 lbs. each. 

A mixture of 100 lbs. of finely-ground and well-calcined calamine or 
roasted blende and 40 lbs. of ground coal, is intimately incorporated, dry, 
and then passed through a sieve of eight lioles to the linear inch. This 
mixture is subsequently damped and then passed tlirougli a much coarser 
sieve, after which it is mixed with 66 lbs. of granulated copper, bean- 
shot, and is then ready for charging. 

As the operation of making brass is carried on continuously, the 
mixture is introduced into the crucibles while they are still red hot from 
the treatment of a previous charge, and their mouths are severally covered 
by large pieces of coal, while the spaces Ixdween the different crucibles 
are filled with coal broken into pieces of the size of the fist. The mouth 
of the furnace is now partially closed for one hour and a half, for the 
purpose of transforming the coal into a kind of coke ; the orifice is then 
still further closed for a sliort time, and the coke properly arranged 
between the different pots, caro being taken to keep all the air-holes 
open. The heat is now progressively rai.sed by the gradual removal of 
the cover, and, if skilfully conducted, the operation will be completed in 
about ten hours. 

In order to collect the brass which has been fonned, the king-pot is 
first taken out, and its contents well stirred with an iron rod flattened at 
the end; one of the side pots is next removed, treated in the same 
manner, and tlie brass, which collects at tlie bottom, poured into the 
king-pot. All the other side pots are successively treated in tlie same 
way, and the brass which has been collected in the central pot is finally 
skimmed and poured into moulds. Percy states, on the authority 
of an old calamine-brass maker, that good pots lasted, on an average, 
sixteen days, and were not allowed to cool during that period. 

Direct Preparation of Brass , — Tins may be effected by melting 
together a mixture of copper and zinc, either in crucibles or in a rever- 
beratory furnace. When this operation is conducted in crucibles the 
zinc should be added to the copper immediately after the latter has 
entered into fusion, and the ingots of copper should be heated to redness 
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previously to their introduction into the pots. In making castings, and 
in the re-melting of brass, there is always a considerable loss of zinc 
through volatilization, for which allowance must be made when arranging 
the mixture. Granite moulds were formerly used for casting ingot-brass, 
but iron is now generally employed. 

Muntzes metal, or yellow-metal, which has almost entirely super- 
seded copper-sheathing in the merchant service, is prepared in rever- 
beratory furnaces, the zinc being gradually added to the melted copper. 
Before tapping, samples of the alloy are taken out of the furnace in the 
same way as the copper proofs made use of in the process of refining ; 
these are cast into oblong ingots, hammered, and broken in a vice, the 
quality of the mixture being judged of in accordance with the appearance 
presented by the fracture. This should be close and finely granular, but 
if the first trial should not prove satisfactory more zinc or copper is added, 
and the mixture well stirred ; this is repeated until the fracture of a 
sample ingot indicates that the right proportions of the two metals have 
been reached. The necessity for this method of testing is caused by 
the great facility with which zinc becomes volatilized, and consequently, 
although the proper quantities of the two metals may have been charged 
into the furnace, it is impossible to make accurate allowance for the 
amount of zinc which may be driven off. It also frequently happens 
that the charge of a furnace is made up with a mixture of old yellow- 
metal, new copper, and zinc ; in such cases the difficulty of making due 
allowance for loss of zinc will be still greater. When ready the metal is 
tapped into a large ladle and either poured or laded into closed cast-iron 
moulds, the interiors of which have been either oiled and dusted with 
charcoal, or, more commonly, washed with a mixture of wood-ashes, or 
clay, with water. 

Yellow-metal may contain from 50 to 63 per cent of copper, and 
from 50 to 37 per cent of zinc. 

From the circumstance that tin is not a very volatile metal, the 
preparation of bronze is a more easy operation, and may be conducted 
either in crucibles or in a reverberatory furnace. 


TIN. 

Tin is a white metal, with a lustre closely approaching to that of 
silver, and with a specific gravity of 7 *29 ; it possesses a characteristic 
odour which becomes evident when a piece of this metal has been 
slightly warmed by being held for some time in the hand. It is very 
malleable, and may consequently be reduced to thin leaves by hammer- 
ing; it occupies the fourth rank in order of malleability, and the eighth 
in point of ductility. Tin, although flexible, is not elastic, and when 
bent emits a peculiar crackling sound, which is most distinct in the 
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purest specimens ; a perceptible elevation of temperature is caused by 
the repeated bending and straightening of a bar of tin. It melts at a 
temperature of 227*8'* C., and when very strongly heated, gives off dis- 
tinct fumes, and experiences a loss of weight. Tin exhibits a great 
tendency to crystallize ; this property may be readily made apparent by 
slightly attacking its surface by an acid capable of removing the exterior. 
When this has been done, the metal assumes a mottled appearance, 
caused by the irregular reflection of the fern-like crystals brought to 
light by the action of the acid. A process of this kind is sometimes 
resorted to for improving the appearance of articles made of tin-plate, 
which, after being treated by weak hydrochloric acid, and subsequently 
covered by a coating of transparent coloured varnish, present a variegated 
and prettily marked surface. 

Tin may be obtained in the form of crystals, by fusing a considerable 
weight in a ladle, or cmcible, and allowing it to cool gradually on a 
heated sand-bath ; as soon as a solid pellicle has formed on the surface, 
it is pierced by a hot iron bar, and the internal portions, which still 
remain in a liquid state, are allowed to run out. By operating in tliis 
way crystals of considerable size, though rarely exhibiting very sharp ami 
well-defined edges, will be found lining the cavity from which the liquid 
metal has been removed. Tin may be deposited from its solutions in a 
crystallized state by electrical agency, and can by this means be obtained 
in the form of brilliant elongated needles. This metal is probably dimor- 
phous, and appears to crystallize both in cubes and in tetragonal prisms. 

The tin of commerce is never quite pure, but is more or less con- 
taminated by the presence of various other metals, particularly arsenic. 
To obtain tin in a state of extreme purity, granulated tin may be attacked 
by strong nitric acid, and the resulting insoluble residue washed, first 
with hydrochloric acid and subsequently with hot water. The white 
residual powder is now reduced to the metallic state by fusion, with the 
addition of a little charcoal, in a lined crucible. Tin is but slightly 
affected by exposure to the air at ordinary temj)eratures, l)ut when fused 
its surface is rapidly covered by a crust of greyish colour, consisting of 
a mixture of metal and stannic oxide. This oxidation of tin takes place 
very rapidly at high temperatures, and wlien the metal is heated to M’hite- 
ness, is attended by distinct combustion; at a full-red heat it decomposes 
water, with evolution of hydrogen gas. It is dissolved in strong hydro- 
chloric acid, and its solution is also effected by warm dilute sulphuric 
acid ; concentrated sulphuric acid, aided by heat, acts upon metallic tin, 
with liberation of sulphurous anhydride and sulphur, and tlie eventual 
production of stannic sulphate. Tin is not attacked ])y the strongest 
nitric acid, but by acid of a density of 1*30 it is violently acted upon, 
with formation of a white, crystalloid, insoluble substance, metastannic 
acid, 5SnO2.10H2O. When attacked in the cold by very weak nitric acid 
tin is slowly dissolved with formation of stannous nitrate, and nitrate of 
ammonium. Tin is oxidizable by fused caustic potash or soda, and more 



TIN. 


469 

readily so by a fused mixture of an alkaline nitrate with an alkaline 
hydrate or carbonate. Strong hot solutions of the caustic alkalies react 
on metallic tin, with evolution of hydrogen and the production of an 
alkaline stannate. 

On account of its general inalterability, this metal is extensively em- 
ployed for domestic purposes. It is largely used for tinning the insides 
of copper vessels, for tin-foil, and for the manufacture of tin-plates ; it is 
also an essential ingredient of pewter, plumbers^ solder, bronze, and 
various other important alloys. 


Tin Ores. 

Cassiterite; Oxide of Tin; tliainoxyde; Zinnsiein, Tetragonal — 
The tin of commerce is obtained from the native oxide of that metal, 
which belongs chiefly to the older formations, and is usually met with in 
veins traversing granite, gneiss, or mica-slate. This mineral has, how- 
ever, been recently found in limestone of Lower Liassic age near Cam- 
]>iglia Marittima, Tuscany, where it has evidently been extensively 
worked by the ancients. Oxide of tin has a specific gravity varying 
from 6*3 to 7*1. Its colour is usually brown or black, but sometimes 
red, grey, white, or yellow. It has an imj>erfect fracture, a grey streak, 
and a highly adamantine lustre. When pure this mineral consists of 
tin 78*62, oxygen 21 *38. It is, however, frequently associated with other 
metals, particularly with arsenic and iron. 

A specimen of cassiterite from Cornwall, analysed by Klaproth, gave 


the following results : — 



Sn . 


. 77*50 

0 . 


. 21 -.50 

FeaOj 

. 

. 0-25 

S 1 O 2 . . 

• 

. 0*75 

100-00 


The composition of this mineral is expressed by the formula SnOo. 
The most commonly occurring crystals are rectangular prisms termi- 
nated by four triangular planes, which may be more or less modified on 
their edges and angles. It also occurs in botryoidal and reniform shapes, 
which are known as wood-tins. 

Oxide of tin is infusible when heated alone before the blowpipe, 
and is not readily reduced to the metallic state without the aid of fluxes. 
It is insoluble in acids ; but when heated on a charcoal support, with 
the addition of carbonate of sodium, it readily afibrds minute globules 
of metal 

Cornwall is one of the localities most productive of this mineral, 
where it occurs associated wdth copper and iron pyrites, wolfram, mica, 
and tourmaline, together with axinitc, and other silicates. Tin mines 
are worked in Saxony, Austria, and Bohemia ; in Peru and Bolivia ; in 
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China, Malacca, and especially on the islands of Banca and Billiton, in 
the Indian Archipelago, whence large quantities are imported into this 
country. Queensland, New South Wales, and Tasmania annually yield 
large quantities of tin ore. This ore also occurs in Gali(‘ia, Spain ; in 
Sweden ; in the Department of Morbihaii in France ; in Greenland, 
Russia, Brazil, Mexico, Chili, and the United States of America. 

Tin Pyrites; iltain s^idjure; ZimikUs, Cubic, tetrahedral. — This 
mineral has hitherto been found in a crystalline state only in Iluel 
Rock Mine, in the parish of St. Agnes, Cornwall Tin pyrites is of a 
yellowish-grey colour, and has a strong metallic lustre ; it commonly 
occurs in granular amorphous masses, and has a specific gravity of 4 35. 
It affords a black streak, and presents an uneven fracture. When heated 
before the blowpipe, sulphide of tin fuses into a black slag, which is 
extremely difficult of reduction. It is attacked by nitric acid, and affords 
on subsidence an abundant white precipitate of metastannic acid. Two 
analyses of tin pyrites yielded the following results : — 



Kudematsch. 

1 Klaproth. 

Sn . 

. 1 25-55 

i 26-5 

Cu . 

.1 29 39 

, 30 0 

Fe . 

12*44 

1 12*0 

S . 

. ; 29*64 

' 30 5 


97-02 

' 99*0 


This mineral does not occur in sufficient quantities to admit of being 
metallurgically treated, and must be regarded as essentially a mixture 
of various isomorphous sulphides. 

Distribution of Tin Ores. 

Tin has, more than almost any other metal, a characteristic mode of 
occurrence, being usually found in the older crystalline and metamorphi • 
rocks. 

The only ore yielding tin in commercial quantities is cassiterite, 
which occurs in four different forms of deposit. Firstly, in veins or 
lodes, from which the larger proportion of the tin annually produced in 
this country is obtained. Secondly, in jiaU^ usually connected with 
true veins, but passing into the enclosing rocks, and sometimes forming 
deposits parallel to their stratification. Thirdly, in dockw(yrlc8^ which 
chiefly occur in granite, and consist of numerous minute veins or impreg- 
nations of cassiterite passing through the rock in all directions. Fourthly, 
as stream tin^ which consists of water-worn nodules and grains of tin 
oxide occurring in alluvial sands and gravels. This variety of tin ore is 
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obtained by a process of washing very similar to that employed for the 
separation of alluvial gold. Although this metal has been in use from 
remote antiquity, up to a comparatively recent date Cornwall produced 
a very large proportion of that annually brought into the market. About 
the year 1710 rich deposits of tin ore were discovered in the island of 
Banca in the Malay Archipelago, and, more recently, in the neighbouring 
island of Billiton, in the Straits Settlements, and in various parts of the 
Australian Colonies. 

In Cornwall, where tin ores have been continuously raised from the 
time of the Phoenicians, the deposits comprehend all the different varie- 
ties previously enumerated ; those of stream tin have, however, become 
almost entirely exhausted. Tin veins usually occur either in granite or 
in killas or clay-slate, and are generally most productive in the vicinity 
of the junction of these rocks. The gangue of stanniferous deposits 
generally consists of quartzose matter, and the minerals associated with 
cassiterite are remarkably constant, consisting of wolfram, pyrites, mis- 
pickel, apatite, topaz, mica, tourmaline, &c. 

During the years 1835 and 1838 the annual production of tin in 
Cornwall and Devon amounted to between 4,000 and 5,000 tons ; after- 
wards it steadily increased, until in 1871 it amounted to 16,898 tons of 
black iin} equivalent to 11,320 tons of metal. In 1883 the production 
of black tin in Cornwall and Devon amounted to 14,468 tons, equivalent 
to 9,307 tons of metallic tin. 

In Saxony a small quantity of tin is annually raised, but the amount 
is insignificant when compared with that produced in England. The 
chief Saxon and Bohemian localities are Altenberg, Geyer, and Zinnwald, 
in the Erzgebirge, and Schlackenwald near Elbogen. 

At Altenberg true stock work-deposits occur, consisting of a granitic 
rock, intersected by numerous small interlacing veins of tinstone. The 
value of the tin raised at Altenberg in 1880 amounted to £9,105. 

At Geyer the rock in which the ore occurs is a granite, consisting 
largely of decomposed felspar, and containing apatite, tourmaline, and 
fluor-spar. The tinstone is in small parallel veins and is disseminated 
through the rock ] the veins, which are rarely more than 2 inches in 
width, merge into the enclosing rock without exhibiting any distinct 
walls. 

At Zinnwald the tin occurs in masses of granite frequently enclosed 
in porpliyry, the most productive deposits being composed of quartz and 
cassiterite in thin nearly horizontal layers ; in some cases, however, the 
whole rock is stanniferous. 

From France and Spain tin is to a great extent absent, rarely occur- 
ring in workable quantities. A few tons are, however, annually pro- 
duced in both countries, the ore being obtained from Brittany, and from 
various localities in Galicia. 


^ Concentrated tin oxide prepared for smelting. 
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Another great centre of production includes Banca and Billiton or 
Blitong, in which all tlie ore worked is in the form of detrital or stream 
tin. Veins have, however, been found in considerable numbers, but not 
of sufficient size to pay for working. The alluvial deposits are in most 
cases covered by beds of variously coloured sands to a depth of from 10 
to 15 feet, and rest on a stratum of white clay, which is considered an 
infallible indication of the limit of the stanniferous beds. It is stated 
that the stream tin of Banca is derived from the granite or rocks im- 
mediately contiguous to it, and that tin is only found in valleys tlie 
streams of which take their rise in these rocks. During the year 18S2 
Banca and Billiton, together, produced 8,550 tons of metallic tin. 

In addition to the tin j^roduced by these islands, there is also a large 
quantity annually raised on the Malay peninsula. In the year 1882 
above 7,000 tons of metallic tin were ex}X)rted from Perak. 

During the last twelve years large quantities of tin ore, chiefly ob- 
tained from Streamworks, have been produced in the various Australian 
Colonies. In 1882 Victoria produced 1,077 tons of tin ore, while in 
the same year New South Wales exported tin and tin ore to the value of 
X833,461, and Queen.^'land to the value of j£560,590. The exports of 
tin ore and ingots from Tasmania during the year 1881 represented a 
value of <£375,775. 

In the United States of America cassiterite has been found in several 
localities, but never in workable quantities. Small (juantilies have been 
raised at Temescal, near Los Angeles, in California, and at the Brewer 
Mine, South Carolina. Keceiitly larg(* deposits of tin ore are stated to 
have been discovered in the Black Hills of Dacobi. In South America 
tin mines are worked in Bolivia and Peru. The annual production of 
this metal in South America is estimateil at 1,000 tons. 

Stream tin has been found in several localities in Mexico, notably in 
(xuanaxuato, Zacatecas, and Durango, where it is associated with topaz. 

The production of metallic tin over the whole world during the year 
1885, including the small quantities yielded by Peru and Bolivia, is 
estimated at 50,000 tons. 


A.ssay of Tin Ores. 

Preparation op the Ore. — Before proceeding to the assay of any 
description of “ tiri-stuflf’’ ^ it is necessary to first isolate the oxide of tin, 
black tin, from the siliceous gangue and the various sulphurous and 
arsenical ores with which it may be associated. 

This can be accomplished, in a somewhat rough w^ay, by treatment 
somewhat similar to that by which the concentration and purification of 
tin ores are conducted on the large scale. With this view the pulverized 
mineral may be first roasted, and afterwards waslied in a bowl, or in 

1 Any reinstoDe or other rock containing a workable amount of oxide of tin is called 
“tin-stuff.” 
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some other convenient vessel, until the lighter substances with which it is 
associated have been removed. In the tin-mining districts of Cornwall 
and Devon a large round-pointed shovel is employed for this purpose, 
and after each successive washing the heavier portions, which have not 
been carried off in suspension, are further reduced in size by grinding 
under a heavy hammer, the faces of which are slightly rounded. The 
assay is subsequently roasted and again washed. Roasting has for its 
object the decomposition of arsenical pyrites and of various minerals 
containing sulphur, which are greatly reduced in density after calcina- 
tion, and are then easily removed by water. In Saxony, a small hand 
shaking-table is employed for this purpose, but it possesses no advantage 
over the ordinary vanning- shovel. Instead, however, of resorting to 
washing and roasting, the removal of arsenical and sulphurous minerals 
may be more completely and expeditiously effected by boiling the pulver- 
ized material with excess of nitro-hydrochloric acid, by which arsenical 
and common iron pyrites, copper ores, <fec., are completely dissolved. 
The insoluble matters remaining in the flask will chiefly consist of tin 
oxide and silica, with sometimes a certain amount of tungstic acid, which 
may be removed by digestion with ammonia. What now remains will 
be a mixture of tin oxide with silica, from which the latter may be 
removed either by careful vanning, or, still better, by digestion with 
hydrofluoric acid in a platinum dish. When arsenical pyrites or ordinary 
iron pyrites containing tin is to be assayed for that metal, it may be 
attacked by nitro-hydrochloric acid, washed by decantation, and treated 
with ammonia. It is then transferred to a platinum dish and digested 
with hydrofluoric acid ; these operations must be repeated until pure 
cassiterite remains in the capsule. In the majority of cases it will be 
unnecessary to treat with ammonia after any but the first attack by aqua 
regia. 

Assay op Black Tin. — The nearly pure oxide, in the state in which 
it is delivered by the miner to the smelter, or after the gangue has 
been attacked first by aqua regia and subsequently by hydrofluoric acid, 
in the way described, may be reduced to the metallic state by various 
processes. 

In Brusqued or Black-Lead Crucibles , — A weighed quantity of from 
200 to 400 grains of the oxide may be placed either in a brasqued crucible 
carefully covered and luted with clay, or it may be mixed with one-fifth 
its weight of ground charcoal or anthracite, and introduced into an ordi- 
nary plumbago pot and placed in the assay-furnace. 

During the first quarter of an hour the heat must be gradually raised 
to dull redness, after which it is elevated to a full bright redness, at 
wliich it should be kept for about ten minutes. The crucible and its 
contents are now carefully removed from the fire, without knocking, and 
allowed to cool, when the pot is broken, and the button of tin removed 
and weighed. In order to recover any particles of metal which may be 
disseminated through the brasque in the form of minute globules, it 
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must be removed and carefully waslied. The weight of the metal so 
obtained is added to that of the original button. In the same way, any 
unconsumed charcoal-powder or anthracite added to the assay in the 
black-lead crucible must be carefully vanned, and, should any metal adhere 
firmly to the sides of the pot, it must be removed, and its weight added 
to that of the original button. 

Cornish Method of Assay . — In Cornwall, assays of black tin are 
usually conducted in a naked plumbago pot, which is first made red hot, 
and the assay, consisting of 2 ounces of washed ore mixed with a little 
anthracite, introduced. In case the assay should not fuse readily, a little 
fluor-spar is added, and after exposure during a quarter of an hour to a 
full red heat, the tin is rapidly poured into a small ingot-mould, and the 
slag examined for metal by pounding and washing. 

Fusion with Potassium Cyanide , — The crucibles employed for this 
purpose, when 100 grains of black tin are oi)erated on, should be of about 
3 ounces capacity, and must be prepared by ramming into the bottom of 
each a layer, about half an inch in thickness, of commercial cyanide of 
potassium. The requisite amount of finely powdered tin ore is now 
intimately mixed with from four to five times its weight of potassium 
cyanide, and placed in a crucible prejmred as previously directed. This, 
with its contents, is moderately heated in an assay-furnace, and, after 
having been kept for about ten minutes in a state of tranquil fusion, 
the pot is removed, gently tapped to facilitate the formation of a single 
button, and allowed to cool. By operating in this way fairly accurate 
results are obtained, and with ordinary care, a difference of more than 
i per cent, should not occur between two assays of the same ore. 

In estimating the amount of tin present in pyrites, or in any other 
sulphurous or arsenical material, it would generally be inconvenient to 
0 [)erate on a quantity exceeding 400 grains. The amount of tin oxide 
obtained by treating such a quantity with nitro-hydrochloric acid, and 
subsequently with hydrofluoric acid, will, in many cases, not exceed a 
few grains, and a very small crucible must consequently be employed for 
its reduction by cyanide of potassiunn Tliis crucible may either be 
enclosed in a larger one and heated in the assay-furnace, or be placed 
naked in the muffle. On examining the crucible after complete fusion, 
the reduced tin will be found to have assumed the form of a button of 
almost silvery whiteness covered by a layer of transparent flux. In order 
to collect any traces of metal occurring in the form of minute shot, the 
flux must be dissolved in hot water, and any metallic globules which 
may be found weighed with the principal button. 

PiOASTiNG Tin Ores. 

Tin ores, after the most complete concentration which can be efiected 
by washing only, are generally contaminated with variable quantities of 
arsenical and ordinary pyrites, &c. 
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Hoasting in Reverberatory Furnaces. — For the removal of these 
impurities the ores are taken to the huming-hovAe^ where the sulphides 
and arsenides are decomposed by roasting in reverberatory furnaces. 
These are usually from 12 to 16 feet in length, and from 7 to 9 feet in 
width ; the hearth is horizontal ; and the arch, which is about 2 feet in 
height in the neighbourhood of the lire-bridge, sinks gradually towards 
the chimney. This arrangement is provided with but one opening, 
closed by an iron door, placed at the extremity furthest removed from 
the grate, and immediately under a brick hood, by which the sulphurous 
and arsenical fumes are carried directly off into the chimney without 
annoyance or injury to the workmen. 

In connection with the flues of these furnaces are condensing-chambers, 
in which arsenious oxide is deposited in a crystalline form. This is sub- 
sequently purified by a second sublimation, in order to convert it into the 
white arsenic of commerce. 

From 10 to 15 cwts. of ore constitute a charge for one of these furnaces, 
and this requires from twelve to eighteen hours, according to the amount 
of pyrites present, before it is sufficiently roasted. The charging is 
effected by a small hopper in the centre of the brick arch ; and as soon 
as the proper quantity of ore has been introduced it is regularly spread 
over the bottom. At the commencement of the operation the heat is 
very gradually raised until it reaches dull redness, at which temperature 
it is afterwards kept during several successive houra At intervals during 
the process of calcination the mineral is stirred with an iron rake, so as 
to expose new surfaces. 

When the ore has been sufficiently roasted, which is indicated by its 
ceasing to evolve white fumes, an iron plate fitted into the floor of the 
furnace is removed, and the charge, while still hot, is raked through the 
aperture, and falls into an arched chamber beneath, where it is allowed 
to cool. The calcined ore is afterwards again subjected to the process 
of washing ; and the various impurities, which have been decomposed 
and chiefly transformed into ferric oxide, are, from their reduced specific 
gravity, readily removed. When the ore is contaminated with copper 
pyrites, it is, after being carefully roasted, allowed to remain for some 
time exposed to the atmosphere previously to being again w^ashed, as a 
portion of the sulphide of copper is thus oxidized and converted into 
sulphate, which, being soluble in water, is easily removed. If tin ores 
contain much copper, it is usual to treat them, after their removal from 
the burning-house, with dilute sulphuric acid, by which copper oxide is 
dissolved, while the oxide of tin remains unaffected. After this treat- 
ment with sulphuric acid, the ore is waslied in pure water, and is now 
ready to be handed over to the smelter. 

The old reverberatory furnace has been to a great extent superseded 
by Brunton’s calciner, with a rotative hearth, in which manual labour for 
turning the ore is dispensed with. 

The Ozland and Uocking Calciner. — Brunton’s rotating calciner 
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has in its turn to a large extent been replaced by the calciner of Messrs. 
Oxland and Hocking, figs. 140, 141, which is especially adapted for the 
treatment of rank ore^ containing much arsenic and sulphur. 

This apparatus consists of a fire-chamber. A, from which the heat and 
products of combustion pass through an iron cylinder, B, made of boiler- 
plates, lined with fire-bricks placed on edge. The cylinder, which is 
from 30 to 40 feet long, and from 4 to 6 feet in diameter, is supported 
in an inclined position, but varying in inclination according to the 
character of the ore treated. It is supported on three pairs of friction- 
wheels, C, and is rotated by gearing, D, generally driven by a turbine or 
water-wheel At the lower end it passes into the fire-chamber, and is so 
arranged as to deliver the ore passing through it, by an oi)ening, c, in the 
arch, into the ore-chamber, F. At the up 2 )er end it communicates witli 
the flues or condensing-chambers, G. The ore, brought from the dressing- 
floors in a wet condition, is dried on the cast-iron plates, covering 
these chambers. It is fed into the hopper, A, by a boy, who also attends 
to the fire. The cylinder revolves at the rate of from three to eight 
revolutions per minute, the ore being raised by four j>rojecting lines of 
bricks parallel with its axis, but leaving room for the continuous running- 
in of dry ore from the hopper. When the ore has been raised sufficiently 
high on one of these shelves it falls off in thin streams through the hot 
gases passing up the cylinder. It thus becomes sufficiently heated for 
the sulphur and arsenic to take fire, and to burn with such energy that 
before the ore arrives half-way down the cylinder the greater portion of 
the arsenic and much of the sulphur is driven off. The heat evolved by 
the combustion of arsenic and sulphur is thus rendered available for heat- 
ing the upper portion of the tube. As the partially calcined ore passes 
onwards beyond this point, the remaining arsenic and sulphur are not in 
sufficient quantity to produce the temperature required for the completion 
of the calcination, and hence the provision of a small fire-grate, 11, for 
supplying the deficiency. Throughout the whole length of the cylinder, 
the lines of shelf perform the duty of passing the ore in finely divided 
streams through the heated gases, in such a way that no particle can 
escape full exposure to the oxidizing influences required for calcination. 
It is found that the arsenic burns off first, and that its removal is com- 
pleted some time before the last portions of the sulphur are eliminated. 
The calcined ore, pa.ssing from the lower end of the cylinder into the ore- 
chamber, at a red heat, contains only traces of arsenic and but a small 
])roportion of sulphur. When required it is withdrawn from the chamber, 
F, through the doors, /. Heated air for the more perfect combustion of 
the gases from the fire-place, and for the oxidation of the sulphur and 
arsenic, is supplied through the channel, above the arch. 

By carefully controlling this supply of air and by maintaining a small 
consumption of coal, economy of fuel is not only effected, but another 
important result is obtained, namely, the passing of a minimum quantity 
of air through the calciner. The arsenious anhydride produced is con- 




Fiff 141 -The Oxhrnd and Hocking Calclner ; elevation, partly section. 
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sequently condensed more easily than by the use of the reverberatory 
furnace or of Brunton*s calciner, and i>erfect condensation is effected with 
less costly condensing-cbambers. 

The consumption of fuel is small, and the condition of the calcined 
product is well suited for subsequent operations. By the rotation of the 
cylinder, the crown, after being fully heated, is brought down under the 
ore, becoming in its turn the bed, thus preventing the loss of heat 
necessarily incurred in other furnaces from the crown only being exposed 
to heat, while the bed is covered by the ore. 

The condensation of the arsenious oxiile is much promoted by 
covering the condensing chambers with cast-iron plates, so that the damp 
ores placed upon them to dry, may, by cooling them, cause a proportion- 
ately rapid condensation. Formerly the condensing flues and chambers 
were constructed with thick walls covered by stone arches ; but at Devon 
Great Consols and at b^ast Pool Mines, Cornwall, great advantage has 
been derived from building flues of thin brickwork, and covering them 
with cast-iron plates. The openings used for removing the arsenic are 
in like manner closed by iron plates. Any tine ore carri(jd off by the 
draught is deposited in the divisions A* and I of the condenser, and is 
removed from time to time by the fir:>t door, in. The arsenious oxide is 
deposited in the compartments n, o, <fec., and is removed through 
other doors, while the sulphurous anhydride passes on by the flue to the 
chimney. 

Large quantities of crude arsenious oxide are produced in the mines 
of Devon and Cornwall, At Xew Great Consols, near Tavistock, nearly 
10 tons of arsenious oxide were, at one time, obtained in the production 
of 1 ton of marketable tin ore, while at East Pool 2 tons were sometimes 
produced in dressing each ton of black tin. This crude arsrnic^ of a 
grey colour, is sold to the arsenic manufacturers, by whom it is refined 
before it is finally sent to the market. Large quantities of arsenious 
oxide are annually produced in Cornwall and Devon from the calcination 
of ores of tin and copper. In the year 1881 Great I)evon Consols 
alone produced 2,851 tons of white arsenic, value £23,324, from the 
treatment of low-grade copper ores. 

The calcined product from tin mines consists principally of oxides 
of iron and copper, containing sulphur, arsenic, and occasionally traces of 
cobalt and nickel, and in some localities a large proportion of wolfram, 
with silica and alumina j oxide of tin may be present in quantities vary- 
ing from 2 to 20 per cent 

The ore is removed from the receiving- cliamber and cooled by 
moistening with water ; it is now known as burnt witts, and is taken to 
the burning-house floors, where, by treatment in circular buddies, the tin 
is concentrated by the removal of the oxides of iron and earthy matters, 
until it contains from 50 to 60 per cent, of black tin. It is then again 
calcined for the separation of the last traces of sulphur and arsenic, again 
passed through the buddies, washed in kieves or tubs, and finally con- 
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oentrated until it will produce by assay from 65 to 70 per cent, of 
metallic tin. 

SsPARATiON OF Tungbten ; OxLAND^s PROCESS. — If wolfram be 
present in large quantities, the black tin, with which it is associated, is 
much reduced in value. This mineral cannot be separated from tin ore 
by any process of washing, since their specific gravity is nearly the same. 
^Fhe calcining operations already described have no effect on this sub- 
stance ; but a j)rocess introduced by Mr. K. Oxland, first at Drake Walls, 
and subsequently at East Pool, is said to effect a perfect separation. 

This process consists in the conversion of wolfram (tungstate of iron 
and manganese) into tungstate of sodium, which being readily soluble 
in water is thereby removed, leaving the oxides of iron and manganese 
in a finely divided state, and so light as to be readily separated from black 
tin by washing. A reverberatory furnace is used, of which the peculiar 
characteristic consists in the employment of a cast-iron bed. The charge 
is introduced into this furnace through a hopper in the crown of the arch 
and is spread upon the iron bed, and exposed to the flame passing from 
the fire-place through the body of the furnace. The products of combus- 
tion then pass down to a flue formed by a diagonal partition of brick- 
w’ork, which conducts it to the front of the furnace under the iron 
bottom, and then, returning on the other side, to the chimney. Thus, 
the whole of the bed is enveloped in heated gases passing off from tlie 
fire-place. The charge consists of from 10 to 11 cwts., according to the 
quality of the ore, and is prepared by mixing soda-ash with the dry ore 
in such proportions as to contain so much sodium as to be slightly in 
excess of that necessary to combine with tungstic acid. If the mixture 
be comparatively coarse-grained, a laiger quantity can be operated on at 
a time than when it is in the state of slime. The charge is carefully 
turned over, so as to bring the whole to a bright red heat. It is known 
to be working well when it frizzles, becomes apparently moist, and is 
.slightly adhesive to the tools used in stirring. If 'ivell worked, the 
charge should be drawn in from two and half to three hours, and is then 
in better condition than if exposed to a stronger heat or for a longer time. 
It is drawn in successive quantities, as soon as it is ready, through 
an aperture in the hearth, into a vault beneath, whence it is taken 
to the lixiviating-vats, where, by treatment with water while still hot, 
the tungstate of smiium is dissolved and run off into receivers. By 
successive affusions of water the whole of the saline matters are obtained 
as a clear licjuid, the mass of the ore serving as a filter. The strong 
solutions thus prepared are either set aside to crystallize, or are evaporated 
to dryness in iron pans, affording crude tungstate of sodium, containing 
about 70 per cent, of the dry salt. 

After lixiviation has been completed, the residue in the vats is conveyed 
to the dressing-floors, where, by washing with w'ater, the oxides of man- 
ganese and iron, the residual constituents of w’olfram, are carried off in 
suspension, making the water thick and of a reddish-brown colour. This 



ELEMENTS OF METALLURGY. 


480 

process was for many years in operation at Drake Walls Mine, but the 
wolfram having subsequently disappeared from the lode there was no 
longer any necessity for its use. Salt-cake or crude sulpliate of sodium 
may be substituted for the more ex^>en8ive soda-ash, but as it requires 
skilful management it is not generally used. 

Tungstate of sodium commands a limited sale for dyeing, for the 
manufacture of non-inflammable starch, for the production of a bronze- 
powder, and for some other purposes. 

METALLURGY OF TIN. 

Tin-smelting in this country is now invariably conducted in reverbera- 
tory furnaces, although blast-furnaces were formerly cmjdoyed for tlie 
purpose, and old smelting works, known as Blowing-Houses, wdiere this 
method of treatment was at one time followed, are still to be found in a 
dismantled state in various parts of Cornwall. 

Treatment of Tin Ore (Black Tin) in the Reverberatory Fur- 
nace. — The treatment of tin ores in the re\ erberatory furnace compre- 



Fig 142.— -Tin Furnace; longitudinal section. 

hends three distinct operations, namely, smeltingy refining, and re-melt- 
ing the slags and residues. Tliese operations are conducted in a furnace 
of which tig. 142 is a longitudinal and fig. 143 a horizontal section, a 
little above the level of the hearth. The form and dimensions of these 
furnaces vary somewdiat in difTerent establi.shments, but the length of the 
hearth in that given as an illustration, which is now in daily use, is 12 
feet, and its greatest width 8 feet 

Smelting. — The ore, which usually contains from 65 to 70 per cent of 
metallic tin, is mixed with one-fifth of its weight of small anthracite, ctdm, 
and is slightly sprinkled with water, for the double purpose of rendering 
it more easy to charge, and also to prevent any portion from being car- 
ried off mechanically by the draught The charge of about 22 cwts. is 
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thrown upon the bottom, A, through the door B, and the heat of the 
furnace is maintained by the fire-place, C, which is supplied with coal 
through the door, 1). The charge is subsequently spread by means of 
tools introduced through the door, E. Each furnace is usually provided 
with a separate chimney, with which it is connected by a diagonal flue, 
not shown in the drawings. The temperature is gradually increased 
during the first five hours, at the expiration of which time the charge is 
well worked up with a rabble ; this stirring is repeated at the end of five 
hours and three quarters, and m about six hours from the time of charg- 
ing, the tapping usually takes place. Two products are thus obtained, 
namely, metal and slag. The tin and slag are run off through the tap- 
liole, /, into the float, G, which is lined with fire-clay, and has usually a 
rectangular form with rounded corners. 



Fig 143.— Tin Furnace , horizontal section 


The slag, when sufficiently chilled, is removed from the surface of the 
tin in the float, which is skimmed and laded into moulds which give it 

the form of blocks. ^ ^ 

The spongy slags remaining on the bottom of the furnace containing 
globules of metallic tin and frequently pieces of unconsumed culm, or 
culm ashes, are drawn through the door, E, and reserved for subsequent 
treatment. 

Refining . — Tliis process comprehends two distinct operations, liqua- 
tion and poling or tossing. Blocks of metallic tin, to the amount of about 
6 tons, resulting from the treatment of black tin, are arranged on the 
hearth of the reverberatory furnace employed for smelting, and the tem- 
Iierature is slowly raised. By this treatment the more readily fusible 

2 fi 
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tin is eliqnated, and flowing over the surface of the hearth, and escaping 
hy the tap-hole, /, is collected in the cast-iron “ kettle,” H, which is set 
over a small independent fire-place. Tn proportion as the blocks are 
gradually eliquated and their bulk thereby becomes reduced, other blocks 
of tin are introduced into the furnace. At the last, when metallic tin 
has ceased to flow at a moderate heat, the temperature is considerably 
increased, and the more refractory material left on the furnace bottom 
is melted and runs out into the float. The metal thus obtained, which, 
in addition to tin, contains small quantities of arsenic, sulphur, and iron, 
is laded into moulds and laid aside to be subsequently again treated by 
liquation. The process of liquation is usually carried on at the end of 
each week, after allowing the temperature of the furnace to become suffi- 
ciently reduced. 

The charge of the kettle, H, consists of about 7 tons of eliquated tin, 
which is kept hot by the fire beneatli it. This is poled by forcing into it, 
by a crutch, supported by an iron jib, a piece of green wood, that of the 
apple-tree being generally preferred. 

When tin of common or second quality is being prepared, this boiling 
is not long continued, and the dross which has risen to the surface is 
skimmed off and thrown back into the furnace, after which the tin is 
laded into moulds. Tin still continues to flow into the kettle during the 
time the metal is being dipped out and cast into moulds. In making 
“ refined tin ” the bath of eliquated metal is poled during several hours. 

Instead of boiling the metal by the introduction of billets of green 
wood, the same effect is sometimes produced by tossing. W'hen this 
process is employed tlie agitation is produced by the workmen con- 
tinuaUy lifting the melted metal in a ladle, and letting it fall from a 
considerable heiglit into the kettle. The scum thus brought to the sur- 
face is carefully removed by skimming, and the metal finally laded into 
moulds. 

Re-melting the Slags and Residues . — The slags run off with the tin 
in the first operation, and withdrawn from tlie top of the float, are 
re-melted wdth lime, and sometimes with a little fluor-spar, in a sepa- 
rate but exactly similar furnace. The metal obUiined by this operation, 
together with the re.sulting slags, is tapj>ed into the float, and the tin 
is subsequently subjected to liquation. The slag separated from the 
metal is a black vitreous substance, closely resembling obsidian, and is 
practically free from tin. The slags drawn through the door, E, of the 
smelting furnace, at the termination of the first operation, are stamped 
and washed for the buttons (prillons) of metal which they contain. The 
comparatively infusible residues re.sulting from successive processes of 
liquation are, after fusion, again subjected to liquation at somewhat 
more elevated temperatures. The final residue remaining on the furnace 
bottom, is, after fusion, known as hard-head, A specimen of hard-head, 
from which as much as possible of the tin had been removed, afforded 
by analysis the following results : — 
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Tin slags are essentially ferrous silicates, containing a little tin, lime, and 
tungsten. 

The total consumption of fuel per ton of metallic tin produced is 
about 30 cwts. 

The tin smelted in this country is usually cast into “ blocks ” of 4 
cwts., “slabs” of 84 lbs., “ingots” of 56 and 28 lbs., and “bars” of 
3 ounces. 

Three distinct qualities of tin are recognised in the trade, namely, 
common^ refined^ and grain tin, Grain’tin is prepared by heating blocks 
of the purest tin, and when the temperature has been sufficiently elevated 
to render the mass brittle and to cause the block to assume a crystalline 
structure, it is broken either by a fall or by a blow from a heavy mallet. 
Grain tin is largely employed in the preparation of tin salts. 

Smelting in the Blast-Furnace. — All the tin raised in Cornwall 
was formerly smelted in blast-furnaces, and this method of treatment was 
applied to stream tin long after the more impure mine tin was generally 
reduced in the reverberatory furnace. 

Pryce in his Miner alogia Cumubiensis, published in 1778, states that 
in his time mine tin “ corrupted with some portion of mundick and 
other minerals” was smelted with pit-coal in reverberatory furnaces. 
On the other hand, stream tin, free from such impurities, was smelted in 
blast-furnaces with charcoal, yielding a metal which from its great purity 
was worth XI 2 a ton more than ordinary mine tin. The following is 
his description of smelting in the blast-furnace as then practised ; ^ — “ The 
furnace itself for blowing the tin is called the castle on account of its 
strength, being of massive stones cramped together with iron to endure 
the united force of fire and air. This fire is made with charcoal excited 
by two large bellows, wliich are worked by a water-wheel, the same as 
at tlie iron forges. They are about 8 feet long and wide at the 
broadest part. The fire-place, or castle, is about 6 feet perpendicular, 
2 feet wide in the top part, each way, and about 14 inches in the bottom, 
all made of moorstone and clay well cemented and cramped together, 
The pipe or nose of each bellows is fixed 10 inches high from the bottom 
of the castle in a large piece of wrought-iron, called the earth-eye. The 
tin and cliarcoal are laid in the castle stratum super stnitum in such 
quantities as are thought proper ; so that from 8 to 12 cwt. of tin, by the 
consumption of 18 to 24 sixty-gallon packs of charcoal, may be smelted 
in a tide or twelve hours tima These bellows are not only useful for 
igniting the charcoal, but they throw in a steady and powerful air into 
the castle, which, at the same time that it smelts the tin, forces it out 

I * Mineralogia Cornubieniis,’ p. 136. 




Fig 144 — Tiu Furnace, Porak , vertical section. 


charcoal and ore are introduced by successive charges, and the blast is 
furnished by a small blowing-machine. The slags i)rodui‘ed float on the 
surface of the metal collected in the basin, whence they are removed by 
an iron hook as soon as they have sufficiently solidified. When the 
reservoir lias in this way become filled with metal, the tapping-hole is 
opened and its contents are run into the iron vessel, where the process of 
refining is conducted by boiling with gieen wood and skimming. The 
slags are divided into two classes ; the richer are, without any mechanical 
preparation, fused with succeeding charges of ore ; the poorer, after being 
stamped, are washed for the pur|)ose of separating the metallic granules 
which they contain. By this process every ton of tin produced requires 
for its reduction ton of charcoal, and the loss of metal is somewhat 
greater than in the reverberatory furnace. 

Perak, which forms a portion of the Malayan Peninsula, including 
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the district of Laroute, annually produces above 7,000 tons of metallic 
tin, exclusively derived from stream tin smelted in blast furnaces. 

The furnaces employed vary considerably in form and dimensions, 
but that represented in vertical section by fig. 144, and in hori- 
zontal section by fig. 145, is generally adopted in all the larger metal- 
lurgical establishments of that region.^ It consists of brickwork. A, 
standing 6 feet above the level of the floor, and having a width of 7 feet 
6 inches. This encloses a nearly semi-cylindrical cavity, 13, 18 inches in 
diameter in its upper portion, but gradually diminishing downwards 
until it terminates at the breast of the furnace in an opening, C, only 6 
inches in diameter. In front of this is an inclined float, D, the lower 
portion of which receives the fused matter issuing from the furnace. 



Fig 145 — Tin Furnace, Perak ; horizontal section. 


while the masonry at the back is raised 4 feet above its top, and thus 
serves as a suj)port for tlie charges, which rest against it. The mouth of 
this furnace is reached by means of steps, E, arranged on either side of 
it, and at the back a tuyer, F, passes through an opening left for that 
purpose. Tliis opening is sufficiently large to admit the passage of an 
iron rod, in case the bottom of the furnace should become clogged, but 
is usually stopped during its working by the introduction of a little moist 
clay. 

The blowing apparatus, Cl, is placed at the back of the furnace, and 
consists of a womlen cylinder 13 feet in length and 16 inches in 
diameter, provided with a piston packed either with feathers or with 
paper. On the side of the cylinder next the back of the furnace is 

^ Lei Mines d’^Jtain de P<irak par M. J. Errington de la Croix, p. 50. Paris, 1882. 
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an air-way 4 inches in diameter, which at its two extremes com- 
municates with the cylinder and in the middle with the tuyer. The 
wooden piston-rod, which is about 20 feet in length, is well greased, and 
passes through a closely fitting hole in the end of the cylinder. At each 
end of the cylinder is a valve 8 inches square opening inward, which 
alternately opens and shuts at each stroke of the piston. The tuyer, 
which is made either of iron or of burnt clay, is inclined at an angle of 
from 40° to 45°, and is directed towards the centre of the fore-breast. 
The blast is supplied by the labour of three men working together, who 
are relieved every hour, and in the majority of cases the furnace is only 
worked during twelve hours. 

The operation of smelting is commenced by filling the furnace with 
wood and charcoal, which is ignited and allowTAl to burn for about an 
hour; at the expiration of which time the cavity is completely filled 
wdth charcoal and the blast applied. A quarter of an hour after this the 
first ore, which is damped in order to prevent mechanical loss, is thrown 
upon the fuel, and, subsequently, charges of charcoal and mineral are 
alternately supplied. 

The metal and slags run out of the furnace into the float, D, the 
slags as tliey cool being removed from the surface of the metal, which is 
from time to time laded into moulds composed of a mixture of clay and 
sand. The blocks of tin thus made u.sually w'eigh about 94 lbs., and the 
production of the shift of twelve hours is about 2,900 lbs., wuth an 
expenditure of an equal weight of charcoal. 

The slags are ground in an iron mortar by a pestle worked by the 
foot, w’hich in form closely resembles a tilt-hammer, and the beads of 
metal, separated by w'ashing, are subsequently run down in a shallow' 
wrought-iron pan provided with a fire-jdace, wdiich is heateil by w^ood. 
These granules after fusion are poured into mould.'i. 

Only that portion of th(‘ Perak tin which is intended for the Euro- 
pean markets is subjected to the operation of refining, which i.s carried 
on exclusively at Penang. In order to effect tliis object the blocks of 
unrefined tin are melted in a large cast-iron kettle, with a fire beneath 
it, and the fused metal is “ tos.sed ” wnth a ladle in the usual way. 
After a final skimming the metal is again cast into blocks. 

In some of the smaller establishments on the Malayan Peninsula 
the furnace is made entirely of clay supi)orted by w^oodcn binders. 
Furnaces of this description often do not exceed a foot in internal 
diameter, and are u.sually a])Out 3 feet 6 inches in height. The blast- 
furnace employed in Siam consists of a wrought-iron jacket lined with 
clay 3 feet in height ; the internal diameter of this furnace is 18 inches. 
The method of procuring a blast is in all cases the same. 

Alloys op Tik. 

Tin 18 extensively employed for the manufacture of tin-plate, which 
is thin sheet-iron, externally coated with that metal, and for coating 
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copper vessels. Pewter is an alloy of tin and lead, in the proportion of 
four parts of the former to one of the latter. Solders are also alloys of 
tin and lead in varying proportions ; fine solder is composed of two parts 
of tin and one of lead ; tin solder^ used in the manufacture of articles of 
tin-plate, consists of a mixture of equal proportions of the two metals ; 
plumher^s solder is made by mixing together one part of tin with two 
of lead. 

Large type is made of an alloy of lead and antimony only, but tin 
enters into the composition of the mixture used for some of the smaller 
descriptions. Tin alloyed with antimony constitutes Britannia metal, 
the best varieties being composed of tin with just sufficient antimony to 
give it hardness. 

The addition of bismuth to alloys of tin and lead has the effect of 
lowering their melting-point to an extraordinary degree ; an alloy of two 
parts of bismuth to one of lead and one of tin melts below 100“ C. 

Tin combines with copper in all proportions ; ordinary gun-metal is 
a mixture of 10 per cent, of tin with 90 of copper. Genuine hronze is a 
compound of copper and tin only, but that used for statuary usually 
contains a certain proportion both of lead and zinc. Bell-metal is a 
bronze containing a very large proportion of tin. “ Tom of Lincoln ” is 
composed of 22 per cent, of tin and 78 of copper; “Big Ben” of about 
24 per cent, of tin and 76 of copper. 


ANTIMONY. 

Antimony is a brilliant metal, of a white colour, slightly inclining to 
blue. It fuses at a temperature just below redness, and contracts but 
slightly in becoming solid. 

It is extremely brittle, and possesses a strongly crystalline texture, so 
that when broken it exhibits well-defined facets, indications of which 
may be observed on the surface of the cooled ingot. It is slowly but 
distinctly volatile at a white heat in closed vessels, but admits of being 
distilled in a current of hydrogen. 

Antimony is not sensibly affected by exposure to air at ordinary tem- 
peratures, but is rapidly oxidized when exposed to it in a state of fusion. 
When fused and strongly heated antimony is allowed to fall from a cer- 
tain height, combustion, accompanied by the production of a thick white 
smoke, immediately takes place. This w'hite vapour is chiefly antimoni- 
ous oxide, SbjOj. 

This metal does not occur in commerce in a state of purity, but is 
contaminated by variable quantities of iron, lead, arsenic, and sulphur. 
To separate these, it may, after being reduced to a fine powder in an iron 
mortar, be intimately mixed with one-tenth of its weight of nitre, and 
sub.'^equently fused in an earthen crucible. 
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By this treatment, the impurities, together with a portion of the 
antimony, become oxidized, and on breaking the vessel, after having 
allowed it to cool, the antimony is obtained as a metallic button, the 
surface of which will be covered with a fern-like crystallization. The 
purification of this metal may likewise be eifected by fusing it, wdien in 
a finely divided state, with a small quantity of antimonious oxide. Fine- 
ness of grain is an indication of the purity of metallic antimony. 

When in a state of fine division, antimony i^ attacked by hydro- 
chloric acid with the evolution of hydrogen gas, but is not acted on by 
dilute sulphuric acid. When attacked by hot concentrated sulphuric 
acid, it becomes oxidized with evolution of sulphurous anhydride. 
Nitric acid attacks antimony ; the degree of oxidation varying with the 
strength of the acid. Aqua regia attacks antimony, and gives rise to 
the formation of antimonious chloride (SbCls), soluble in an excess of 
hydrochloric acid. 

On electrolyzing a solution containing one part of tartar emetic 
and four parts of antimonious chloride, by a small battery of two ele- 
ments, antimony forming the positive and copper the negative pole, 
metallic antimony is deposited wdiich possesses the remarkable property 
of exploding and taking fire when scratched or broken. 

Antimony Ores. 

Antimony, although occasionally found in a native state, is usually 
combined with sulphur, and is often associated with galena. It also 
exists in combination with both oxygen and arsenic. Native antimony 
crystallizes in forms derived from the rhoiubohedron, and is often asso- 
ciated with small quantities of iron and silver. 

Stibxite ; Antimoine sulfurp; Grauspiessfjlaserz. Rhombic. — This 
substance, wliich is almo.'st the only mineral sufficiently abundant to be 
regarded, practically, as an ore of antimony, is of a lead or steel-grey 
colour, which is liable to tarnish on exposure. 

The cleavage is parallel to the shorter diagonal, and the crystals are 
commonly divergent, columnar, or fibrous. It also occurs in granular 
amorphous mas.ses. Its specific gravity varies from 4*62 to 4*70; its 
streak has the colour of the mineral itself, and on being heated on char- 
coal before the blowj)ipe, abundant white fumes and an odour of sulphur 
are evolved. 

This ore, which is commonly associated with iron, zinc, lead, silver, 
quartz, and sulphate of liarium, occurs in veins traversing granite, clay- 
slate, &c. Its most celebrated localities were formerly FelsSbAnya and 
Schemnitz, in Hungary; Wolfsberg, in the Harz; and Puy-de-Dome 
and Cental, in France. Mines of sulphide of antimony have also been 
worked in Spain, Corsica, and in the County of Cornwall. Of late years 
the chief supply of antimonial ores has been obtained from Australia, 
Borneo, and Japan. 
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The analysis of a specimen of this mineral from Westphalia afforded 
Schnabel the following results : — 

Sb 72-02 

S 27*85 

Fe *13 

100-00 

It is consequently a sulphide of antimony, of which the composition 
is represented by the formula SbgSg. 

Valentinite ; Antimonious oxide, Sb203, occurs, though rarely, as a 
mineral, in shining white crystals belonging to the rhombic system. It 
is found in veins at Przibram, in Bohemia ; at Braiinsdorf, in Saxony ; 
and at Malaczka, in Hungary. Antimonious oxide also occurs in regular 
octahedra as miarmontite^ in the province of Constantine, Algeria ; it is 
therefore dimorphous. Tetroxide of antimony, sometimes called anil- 
monioiis acid^ Sb204, is found native as cervantite^ or antimony ochre, at 
Pereta, in Tubcany, and elsewheie. Antimony also occurs as red anti- 
mony, antimony hlende, or hermesite, Sl)2()3.2Sb2S3 ; likewise as sulphide 
combined with other metallic sulphides, particularly with those of lead 
and silver. 

We have been unable to obtain any reliable statistics with regard to 
the annual production of antimony, but the amount raised in this country 
is exceedingly small. The imports of antimonial ores into the United 
Kingdom are now chiefly from Borneo and Japan. 

Assay of Antimony Ores. 

Dry Assay. — From the great volatility of this metal its ores must 
be reduced at a moderate heat. For the purpose of assay, ores of 
antimony may bo divided into two classes : the first comprehends all 
compounds in which the metal is either native or combined with oxygen, 
and in which little or no sulphur is present ; the second consists of 
sulphide of antimony, and all other antimonial compounds containing 
large quantities of sulphur. 

Class 1 . — All substances belonging to this division are, when free 
from earthy or siliceous impurities, readily reduced by being moderately 
heated with finely divided charcoal. Their assay may be conducted in an 
earthen crucible lined with charcoal, without the addition of any flux. 

As the volatility of this metal renders it necessary to avoid the 
application of a strong heat, when the ore to be examined is contaminated 
with siliceous impurities the addition of a suitable flux becomes neces- 
sary. For this purpose the ore may be either intimately mixed with two 
parts of black flux, or with one part of carbonate of sodium, and 0*25 of 
finely powdered charcoal. In this case, lining the crucible is unneces- 
sary, and after it has remained in the fire until its contents are in a state 
of tranquil fusion, it should, on being withdrawn, be gently tapped against 
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some hard body, to collect the fused metal into a compact button. When 
the crucible has become cold it is broken, and the button extracted and 
weighed. Care is, however, necessary in detaching it from adhering slag, 
since, from its brittleness, it is liable to become broken, and a portion 
consequently lost. 

This method is likewise applicable to substances which, although 
principally composed of oxides of antimony, nevertheless contain small 
quantities of sulphur ; as the sulphide yields with black flux just one- 
half of its antimony, a very small portion only can, in such cases, be 
retained in the slags. When oxide of iron is present in the substance 
treated, that metal is reduced at the same time as the antimony, and 
uniting with it forms an alloy, by which the result is to some extent 
vitiated. 

Class 2. — The assay of substances belonging to this class may either 
be made by first roasting the sulphide, and subsequently fusing the 
oxidized residue with black flux, or by directly fusing the crude mineral 
with the addition of black flux and metallic iron or with iron scala The 
roasting of sulphide of antimony is, from its fusibility and the facility 
with which it is sublimed, an operation i-cquiring much care, and it must 
consequently 1x5 conducted at a very low heat, and be constantly ke[)t 
stirred with an iron rod, until all smell of sulphur ceases to be evolved. 
The residue is then fused with three parts of black flux, and a button 
of antimony is obtained, as in the treatment of oxidized minerals belong- 
ing to the first class. 

The antimony contained in the sulphide of that metal is readily 
liberated by fusion with metallic iron in a state of fine divisioiu The 
sulphide of iron thus j)roduced has, however, so very nearly the same 
density as metallic antimony, that their separation can only be obtained 
by keeping the contents of the crucible for a considerable time in a 
state of fusion. When this precaution is taken, two distinct buttons are 
obtained on breaking the crucible ; the one, which is at the bottom, is of 
a white colour, and cirstallized in large plates, whilst the other is of a 
bronze-yellow tint, and consists of sulphide of iron containing slight 
traces of antimony. These are carefully detached from one another, and 
the button of antimony weighed. The long- continued heat necessary to 
produce this separation has, however, the effect of causing the loss of a 
notable amount of antimony by miblimation, which is an inconvenience 
tliat cannot be entirely obviated by the most careful manipulation. 

In operating in this way, it is of importance tliat only the amount 
of iron necessary to combine with the suljdiur present should be added 
to the pounded sulphide, as any excess of that metal would combine 
with antimony, giving rise to an antimonide, which would contaminate 
the reduced metal. 

For the reduction of pure sulphide of antimony, 42 jier cent, of iron 
in the form of filings is required ; these should be free from rust, and in 
the finest possible state of division, as when larger pieces are employed a 
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considerable amount of antimony is lost by volatilization before they can 
be fully acted upon by the sulphide. Cast-iron must not be employed 
for the reduction of sulphide of antimony, as it is not only less readily 
acted on by sulphur than is wrought-iron, but the slag produced adheres 
so firmly to the reduced metal as to be difficult of removal. 

If, instead of employing iron and sulphide of antimony alone, a certain 
proportion of carbonate of sodium and charcoal be added to the contents 
of the crucible, similar results are obtained, and a slag is produced con- 
taining sulphide of iron and sulphide of sodium. 

A good mixture for this purpose consists of 100 parts of sulphide of 
antimony, 42 of metallic iron, 45 of carbonate of sodium, and 5 of finely 
powdered charcoal. When thus treated in a lined crucible, and at a 
moderate temperature, pure sulphide of antimony affords from 65 to 67 
per cent, of metal. 

Mitchell states that the best method of assaying sulphide of antimony 
is to mix it intimately with four parts of cyanide of potassium, and to 
heat it gently in an earthen crucible. The heat required in this case is 
so extremely low, that little if any of the metal is lost by sublimation ; 
while by all other processes, a notable quantity, often amounting to 5 or 
6 per cent., is driven oti*. It is consequently evident that the dry assay 
of antimony must rather be considered as a rough commercial approxi- 
mation than as being exact. When pure sulphide is operated on its 
examination will be of but little value, since every 100 parts of that 
mineral correspond to 71*77 of antimony. 

Wkt Assay. — Tlie volatility of antimony and of its sulphide is so 
great as to render all tlie various methods of estimating this metal by 
fire assay unsatisfactory. Even when the antimony is present in the 
form of oxide the follow'ing process wdll, however, afford accurate results. 

The ore, .after being pulverized and sifted in the usual way, is inti- 
mately incorporated with from 4 to 5 times its weight of a mixture 
consisting of equal parts of sulphur and sodium carbonate, placed in a 
covered porcelain crucible, and heated over a gas-burner. The mixture 
is thus tlioroiighly fused, and a portion of the sulphur driven off, while 
any oxide of antimony j)resent is converted into sulphide of antimony. 
This sulphide is dissolved in the alkaline sulphide formed, and leaves the 
earthy gangue unattacked. 

The crucible and its contents is now, after cooling, digested in hot 
water, until all tlie substances soluble in that menstruum have been dis- 
solved, when the solution is passed through a filter. To the filtrate 
hydrochloric acid is carefully added until it becomes distinctly acid, and 
the whole of the sulphide of antimony, together with a considerable 
excess of sulphur, has been deposited. 

This deposit is thrown u|X)n a weighed filter, washed with water con- 
taining a little sulphuretted hydrogen, dried at 100" C. until its weight 
becomes constant, and the weight of the filter and contents noted. A 
weighed portion of the dried precipitate is now transferred to a small 
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porcelain boat, and heated first gently, and then to a temperature of 200* 
to 230* C., in a piece of combustion-tubing about 16 inches in length, 
through which a current of carbonic anhydride is continuously passed. 
By this means the excess of sulphur wdll be volatilized and carried away, 
and after allowing the tube to cool, while the current of gas is still pass- 
ing through it, the contents of the boat are weighed as antimonious 
sulphide, containing 71*77 per cent, of metallic antimony. From the 
weight thus found is calculated the percentage of antimony contained in 
the ore ; but for the sake of verifying the result, it is desirable to operate 
in the same manner upon another weighed quantity of the dried precipi- 
tate obtained by the addition of hydrochloric acid to the original solution. 

When an ore contains antimony sulphide, free from a 113’^ admixture 
of oxide, it may be dissolved in strong hydrochloric acid, to which a 
little nitric acid has been added. Dilute slightly, and ad<i ammonia and 
yellow sulphide of ammonium ; boil, filter, and decompose the solution by 
adding slight excess of hj’drochloric acid. The precipitated antimonious 
sulphide is collected on a filter, w'ashed, dried, and heated in an atmos- 
})here of carbonic anhydride. This is a quicker proc<‘ss than that by the 
mixture of sulphur when the ore contains no oxide of antimony insoluble 
in hydrochloric acid. 

METALLURGY OF ANTIMONY. 

Liquation of the Sulphide. — From the fusibility of sulphide of 
antimony, its separation from the siliceous and earthy gangues with 
which it is associated is often effected bj* a simple liquation conducted 
at a moderate heat. On the Continent this o{)eration is often carried 
on in vertical retorts ; but in this country a reverberatory furnace has 
usually been employed. 

In France, the separation of sulphide of antimony from its associated 
gangues is sometimes effected by means of an aj)j>aratu8 of which fig. 
146 represents a vertical section. For this purpose the mineral is 
placed in large earthen retorts, R, of which four or more are set in 
each furnace. An aperture is left at the bottom of each, which corre- 
sponds with a similar opening in the tile, by which they are supported 
and to which they are luted. Beneath these, in separate chambers, C, 
are the eaithen pots, P, in which is received the melted sulphide as it 
descends from the cylinders above. 

The fuel consumed is wood, and the sulphide obtained is con- 
verted into metallic antimony, by roasting in a reverberatory furnace, 
and subsequent reduction by a mixture of 20 per cent, of pulverized 
charcoal, saturated with a strong solution of sodium carbonate. 

Reduction to the Metallic State in Crucibles. — To obtain 
metallic antimony, the sulphide is sometimes roasted in a reverberatory 
furnace until the sulphur has been expelled, and a grey residue remains. 
This is afterwards mixed with one-tenth its weight of crude tartar, and 
reduced in earthen crucibles. The metal obtained by this process is, 
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with the exception of a certain admixture of iron, tolerably pure, and is 
ready for the market. The English process for antimony-smelting is 
conducted in large crucibles made of refractory clay mixed with a small 
proportion of plumbago, which are heated in circular wind-furnaces. 

In order to obtain metallic antimony from its sulphide, by the English 
process, three distinct operations are required, namely, Singling^ Doubling, 
and Melting for star-metaL 

The furnaces used in this process are 3 feet in depth and 14 inches 
in diameter. The crucibles are 15 inches in depth, 10 J inches wide at 
top, and 9 inches at bottom, inside measure ; the fuel used is coke. 

Singling. — This consists in fusing 40 lbs. of raw ore with from 20 to 



Fig 146 -Liquation-Furnace ; vertical section. 

22 lbs. of tin-plate clijjpings, by which treatment two products, sulphide 
of iron and impuie metallic antimony, are obtained. In some cases a 
small quantity of slag fiom the next operation is added. Each fusion 
requires about n hour, and at its termination the charge is poured into 
a conical mould, and, when sufticiently cold, the antimony is separated 
from the ferruginous matte by which it is covered. 

Doubling. — The impure metal from the first operation is subsequently 
fused in a similar crucible with the addition of sodium sulphate and a 
small quantity of slag from the third process. The charge of each 
crucible is 80 lbs. of crude antimony, 2 lbs. of salt-cake, and a small 
quantity of slug from the star-metal. This fusion occupies 1 hour and 
20 minutes. 

Melting for star-metal. — About 60 lbs. of the metal obtained from 
the doubling process (bowl-metal) are broken into small fragments, to 
which are added 2 lbs, of pearlash and 5 lbs. of the slags obtained 
during a previous fusion for stai'- or French-metal. The fusion usually 
occupies somewhat less than one hour, and when it is completed the metal 
is cast into rectangular ingots, care being taken that each shall be com- 
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pletely cotered with slag. If this be not attended to the necessary 
crystfiJline surface is not obtained. 

Smelting in the Blast-Purnaoe. — In Bohemia antimony ores, con- 
sisting of sulphides and oxides, mixed with a considerable proportion of 
siliceous waste, are smelted in a blast-furnace for crude antimony, which 
is subsequently refined in a reverberatory furnace. 

The average composition of the materials forming the blast-furnace 
charge is as follows : ^ — 



Dressed Ores. 

Raw. Calcined 

Oxidised 

Ores. 

Liquutior 

Raw. 

Residues. 

Calcined 

Flue- 

stuff. 

Refiuiug- 

Slag. 

1 Sb . 

43 3 

1 48*9 

46-4 

21 -4 

23-1 

561 

257 

Fe . . 

14-4 

1 

1 

... 

12*9 




' S . 

25 3 

‘ 07 

3-6 

151 

2*4 



FeiOj . 


< 23*4 

2-4 


17*3 

6*9 


, SiOj. 

117 

23-3 

, 26-6 

41*6 

49-2 

10*8 

5*9 

1 ALjOs . 

0-3 

4-0 


0*5 

2*4 


... 

1 CaCOa . 1 

3-3 


1 7*0 

4*0 




CaO. 

.4 • 

' 10 

1 

4*0 

07 



SbaSj . 







2 **4 

FeS. . ' 






... 

53 4 

. , 


1 


• •• 



90 

c . 

i 

1 - 

... 

... 


5-0 ! 



The furnace has a round stack 6 metres in height, 1*4 metre in 
diameter at the throat, and 1 metre at the hearth, which is provid<*d with 
five water-tuyers and three outlets for the molten products — an upper 
one for the slag, and two at the bottom. Of the latter, one has a slight 
rise, and forms the ordinary tap-hole for the metal, while the other, 
which is horizontal, is only used when blowing out tlie furnace. 

The blast, supplied by a screw-blower, amounts to 15 cubic metres per 
minute at 30 c.m. water-pressure. The gases are collecU^d by a tube 
leading from the side of the furnace a sliort distance below the throat. 
The furnace is kept continuously in blast for three weeks, and smelts 
about 19 metric tons of materials daily. 

The smelting-mixtures are of two kinds, whose compositions are as 
follows : — 


Calcined dressed ores .... 

A. 

Kilos. 

550 

B. 

Kilos. 

600 

Calcined liquation-renidues . 

750 

600 

Ores balled with lime .... 

200 


Flue-stuff balled with lime 

100 


Raw ore 

• • 

100 

Oxidized ore 


100 

Raw liquation-residues .... 


100 

Limestone 

600 

800 

Foul furnace-slags .... 

400 

400 

Refining-slags 


200 

Crude antimony, Metal No. III. . 

• 

100 


I ' Stahl und Risen,’ vol. vi., i886, p. 6a. 
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The most fayourable lesnlt is obtained when these mixtures are used 
alternately, two charges of A being followed by one of B. 

Lime is used to the extent of 10 per cent, to ball up part of the 
washed ore to a compact mass, and some of the flue-stuff is similarly 
treated, but with 7 per cent, of lime. This is, however, only necessary 
at starting, as it is found that when the furnace has been blowing for 
eight or ten days the materials may be charged in powder without in 
any way injuring its working. 

The products of the blast-furnace are crude metallic antimony, slag, 
and flue-stuff. The first is divided into three classes, of the following 
average composition : — 


Sb . . . 

No. L 

No. ir. 

No. III. 

90-02 

73-80 

65-04 

Fe . . . 

6*23 

16*66 

23-80 

S . . . . 

2-85 

8*42 

10-46 


The first two qualities are sent to the refinery, while No. III. goes 
back to tlie blast-furnace. The relative proportions are : No. I., 82 5 ; 
No. II., 9*0 j and No. III., 8*5 percent of the total production of the 
furnace. 

The slags produced vary slightly in accordance with the smelting- 
mixtures. Thus — 


SiOa . « 

. 

. 

, 

46-9 

45*9 

CaO 

. 

. 

. 

34*6 

31*4 

FeO 


, 


15*1 

19-9 

Sb . 



, 

0*5 

0*9 


The first is produced from the mixture A, and the second from B. 

There is very little flue-dust produced in the blast-furnace, the bulk 
of that product being derived from the preliminary operation of calcining 
the dressed ores. This is done in a single-bedded reverberatory furnace 
8 metres long and 2 metres broad, with five working-doors on one side, 
heated with brown coal, which is burned upon a step grate. The produce 
is about 1,200 kilos, per day. The ore, which is charged in quantities of 
200 kilos, at a time, clots and softens, giving off a large quantity of 
sulphurous acid as soon as it attains a red heat, but subsequently again 
becomes dry, and when fully roasted is in the state of powder. The 
average time that a charge remains in the furnace is twenty hours. 

The refining of the crude metal is conducted in a reverberatory fur- 
nace witli an iron bed 4 metres long by 2*5 metres broad, covered with 
a layer of fire-clay 0*28 metre thick. Brown coal is used upon an ordi- 
nary grate. The working-door is on one side and the tapping-hole at the 
end of the bed. The gases on their way to the chimney pass under an 
iron plate, on which the moulds for the refined metal are placed in order 
to warm them. The charge consists of 450 kilos, of No. I. metal and 50 
kilos. No. II., the first being coarsely broken ; while the second is in 
powder, to which are added 42 kilos, of sulphate of soda, 5 kilos, of 
charcoal-dust, and 150 kilos, of unroasted ore. The operation lasts ten 
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hours, and a final slag is obtained by the addition of 3*40 kiloa. of car- 
bonate of fxnasli and 2*60 kilos, of carbonate of soda, 1 kilo, of raw 
and fi kilos, of ealoinod crude n^gulus (eliquatod sulphide of antimony), 
and 12 kilos, of the same slag from pn^vious o|)eratiou$. The refined 
antimony (star-metal) contains as impurities:—' 


As ... . 

OSSO 

Fe . . . . 

0-062 

Ag . . . . 

0-000 

S . . . . 

0720 


The brittleness of this metal prevents its being extensively emjdoyed 
in a pure state, but its alloys ai-e much used. The most im|)ortant of 
these is type metal. Antimony, in the form of a st)luble tartrate of anti- 
mony and potassium, is the tartar emetic of the apc^thccary. Antimony, 
with a mixture of lead, forms type metal and the alloy on wliicli music 
is engraved. A similar mixture is mucli ii^ed in alkali-works in making 
pumps and taps for raising and drawing off acids. 


ARSENIC. 

Arsenic is a brittle metal, of a steel-grey colour, possessing a strong 
lustre. When heated to 180® C., it sublimes witliout first entering into 
fusion, and when oxidation takes place at the same time emits an odour 
resembling that of garlic. In dose vessels it may be sublimed without 
change ; but, if air be admitted, it is rapidly converted into arsenious 
oxide. When exposed to air and moisture, it usually acquires, on its 
surface, a dark film, which is only sujierficial ; it has, however, been 
observed that some sj^ecimens may be kept in open vessels for several 
yeans without losing their lustre, while others are in a short time 
oxidized throughout their whole substance, and fall into powder. This 
difference has been accounted for by supposing arsenic to exist in 
two allotropic conditions, but it is equally possible that difference of 
structure alone may sufficiently explain the phenomenon. The arsenic 
deposited in the hotter parts of the receivers in wdiich it is collected is 
of a whiter colour than the other, and is highly crystalline ; that found 
in the cooler portions of the receivers is amorphous, darker in colour, 
and more readily oxidized. 

Arsenic is combustible, and bums with a bluish white flame, and the 
formation of arsenious oxide AsjOa. This oxide, generally known by 
the name of “ white arsenic,” is the most common preparation of this 
metal It is obtained by roasting, in a reverberatory or other furnace, 
ores containing arsenic. 

Ores op Arsenic. — The white arsenic of commerce is procured 
during the treatment of arsenical ores of tin, cobalt, and copper, and to 
— alfto bv roasting arsenical pyrites. 
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Assat of Arsenical Ores. — ^Digest the finely pulverized ore in strong 
nitric acid until all action, on the addition of fresh acid, is at an end. 
Evaporate nearly to dryness, to expel excess of nitric acid, dilute mode- 
rately with water, and filter. The filtrate will contain the arsenic in the 
form of arsenic acid, probably with sulphuric acid, resulting from the 
oxidation of sulphur. Solution of nitrate of lead is added, and a mixture 
of arsenate and sulphate of lead thrown down. The liquid is removed 
by decantation, and the precipitate digested with weak nitric acid by 
which the arsenate of lead is dissolved, while the sulphate of lead 
remains. This is separated by filtration, and the filtrate neutralized 
with sodium hydrate, which throws down arsenate of lead ; this must 
be collected, dried, and weighed. Every 100 parts of this precipitate 
corresponds with 22*2 of metallic arsenic, or 29 parts of arsenious oxide. 
The above process, which is comparatively expeditious, is recommended 
by Mitchell in his “ Manual of Assaying,’^ but the writer has not had 
occasion to test the accuracy of the results obtained. Arsenic may be 
estimated with considerable accuracy as an ammonio-niaguesian arsenate ; 
but in the presence of iron and various other bodies, the operation be- 
comes a j)rocess of quantitative analysis, for which some text-book on that 
subject should be consulted. 

Manufacture op White Arsenic. — None of the makers of white 
arsenic in Devon or Cornwall, excepting the Great Devon Consols Com- 
pany, manufacture it directly from raw ore ; the grey flue-deposit from the 
tin mines is generally employed. At Devon Consols raw ore is roasted 
in the Oxland and Hocking calciner, and much of the arsenic produced is, 
without further preparation, sufficiently pure for the market. When 
any of it is found to be a little grey in colour it is re-sublimed. 

A common reverberatory furnace is used for the re-sublimation of 
crude arsenic, but to prevent discolouration by smoke, either coke or 
anthracite is used as fuel. A large proportion of the sublimed white 
arsenic is deposited in an amorjdious state, but some of it is found in the 
form of octaiiedral crystals. The whole is ground between French burr- 
stones, and packed in casks for the market. All the white arsenic pro- 
duced in this country comes from Devon and Cornwall. 

Freshly prepared arsenious oxide is perfectly colourless and trans- 
parent, but becomes opaque by exposure. It is largely employed by 
glass-makers, and in the manufacture of emerald green. The annual 
production of arsenious oxide in this country is about 5,000 tons. 

Preparation of Metallic Arsenic. — Arsenious oxide when heated 
with carbonaceous matter becomes reduced to the metallic state. Metallic 
arsenic is prepared either by the reduction of arsenious oxide, or by the 
direct decomposition of arsenical pyrites at a high temperature in retorts, 
which are usually arranged in a gallery. 

At Altenberg, Saxony, a mixture of 1 cwt. of arsenious oxide with J a 
cubic foot of powdered clmrcoal, is submitted to reduction and sublima- 

2 I 
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tion in iron retorts. A charge so constituted necessitates the consump- 
tion of 8 cubic feet of large coal and cubic feet of slack. 

At Reiclienstein, in Silesia, the iJllingite (FejAsj) operated on con- 
tains about 23 per cent, of arsenic. The furnaces employed for working 
these ores have each twenty-six glazed earthen tubes or retorts, vary- 
ing in length from 26 to 28 inches, and 5 inches in diameter ; they are 
provided with receivers resting upon masonry supports. Of these 
twenty-six retorts, thirteen are placed on either side of the furnace, 
seven in a lower row and six in the intermediate spaces above. The 
chamber enclosing the receivers is provided with an iron door, which is 
kept shut till the close of the operation ; the products of combustion 
escape through apertures in the arch, which is covered by a conical 
chimne}', like that placed over a steel cementation -furnace. Each 
furnace is charged with 5 cwts. of ore, which in the course of ten hours 
yield 100 lbs. of arsenic, of which about 90 lbs. are sold in the light- 
coloured crystalline state, and the remainder as dark-grey arsenic. 

Arsenic is used in small quantities in the preparation of various 
alloys, and particularly in the manufacture of shot. When a small 
quantity of this metal is mixed with leail, it is found not only to impart 
to it a certain degree of hardness, which is advantageous, but it likewise 
gives it a tendency to form into regular globules, which facilitates the 
manufacture. 


ZINC. 

Although ores of zinc have been employed from remote antiquity for 
the purpose of converting copjier into bras.s, the metal itself does not 
appear to have been known in Europe prior to the commencement of the 
sixteenth century ; as we find it first distinctly mentioned by Paracelsus, 
who died in 1541. It is, however, stated by Lcckrnann and others to 
have been first described, under the name of marchasita awrea, in the 
thirteenth century by Albert of IkilLstadt, commonly known as Albertus 
Magnus. Its colour is bluish white, and when recently broken it presents 
a brilliant crystalline surface. At ordinary temperatures zinc is a brittle 
metal, but when heated to between 100'" and 150“ C. it becomes both 
ductile and malleable. Wlien the heat ^s increased to about 205* it is 
again brittle, and may at this temperature be readily pulverized in an 
iron moitar. Zinc fuses at about 412* C., and when slowly cooled 
exhibits a highly crystalline texture. The zinc of commerce, known as 
ipelter^ is not chemically pure, but is invariably contaminated with the 
presence of various other metals, such as lead, cadmium, and iron. The 
following analyses of commercial zinc from various localities, given by 
Schiitzenberger, show that lead is its chief impurity : — 
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Silesia. 

Bleibei^. 

Pennsylvania. 

New Jersey. 

niinois. 

Zn . . . 

97 471 

98*054 

99*982 

99*976 

99*378 

Pb . . . 

2-393 

1-563 

... 


0*503 

Cd . . . 

traces 

0-282 



0-078 

Fe . . . 

0136 

0-101 

o-ois 

0-024 

0*041 


Belgian zinc contains about 0*3 per cent, of lead, and is free from 
arsenic. The proportion of arsenic contained in commercial zinc does 
not usually exceed 0*000097 per cent. It is therefore evident that the 
zinc of commerce is sufficiently pure for ordinary purposes. 

When, however, it is to be employed for the purposes of toxicological 
investigation it is essential that it should be free from both arsenic and 
sulphur, and some process of purification becomes necessary. This may 
be accomplished by a method recommended by Gunning, which furnishes 
zinc containing a little lead, but perfectly free from arsenic and sulphur. 
In order to purify zinc by this method, granulated zinc and a mixture of 
sodium carbonate with sulphur are arranged in alternate layers in a 
crucible. This is heated until its contents have become fused, and the 
metal, freed from the adhering slag, is again melted with a little litharge, 
by which the last traces of sulphur are removed. 

Instead of operating as above described, a mixture of four parts of 
zinc filings and one of nitre may be heated together in an earthen 
crucible. Deflagration takes place, all the arsenic and a portion of the 
zinc becomes oxidized, and the unoxidized zinc collects in the form of a 
button at the bottom of the crucible. Distillation in an earthen retort 
removes any remaining traces of iron. 

Zinc thus treated still, however, retains traces of lead, and to obtain 
the metal in a perfectly pure state, it is necessary to distil a mixture of 
pure zinc oxide and sugar-charcoal in a porcelain retort. 

When a brilliant surface of clean and polished zinc is exposed to dry 
air, it remains unchanged at common temperatures; in a damp atmosphere, 
on the contrary, it is tarnished and soon acquires a grey colour from the 
formation of a superficial coating of oxide. When heated in contact with 
air at a temperature sensibly above its point of fusion, it takes fire, and 
burns with an extremely vivid white flame. The brilliancy of this flame 
is caused by the combustion of metallic zinc, which gives rise to the 
formation of zinc oxide, ZnO, the flores zincif nil album, or lana philo- 
pjphica of the early chemists, a body which may, practically, be con- 
sidered as fixed at all temperatures. This becoming white hot communi- 
cates to the flame its peculiar intensity of colour. Oxide of zinc obtained 
by this means is largely employed, when ground with oil, as a pigment, 
in lieu of white lead ; from its perfect whiteness, as well as from the 
circumstance of its not becoming blackened by sulphuretted hydrogen, it 
is for many purposes to be preferred to the diflerent preparations of lead. 
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Zinc i« fioIuMo in hydrochloric and in dilute sulphuric acid, with 
evolution of hydrn^^ui the action of thv*^* nrul« ig more energetic on 
ordinary tomtnwial zinc than on that which u chemically pun. Ting 
motoJ iltHHUiifHx^og water with tho fortiirttit>ii of zinc oxi«le and tJie evoJu- 
tion of hyiln^^^n ; yrlwn zinc is in a Ktate of iUw division tlm miction 
commencoi% at a slightly exceeding 100^ C. The very finely 

divideil nietul which is condensed in the sheet iron dnnii-s fixed iijion the 
clay atlapter? of zinc-retorts, known hy the name of j>ossesses 
remarkable prt>i>erties. due to its extreme stiite of division, and is employed 
as a reducing agent in various chemical operations. This material, although 
containing various impurities, decomposes water even at ordinary tempera- 
tures. A specimen of this substance, analysed by Aldendorf, afforded 
the following results : — 


4JU ........ ’f’ . \r 

Pb 2*47 

Cd 4 09 

ZnO 49-76 

ZnCOa 3-29 

Inboluble residue 0*39 


99*90 

The above analysis may l»e regarded ixa fairly typical of this product, 
since the samples usually differ only with resjioct to the relative amounts 
of zinc and zinc oxide present. 

Zinc is aho soluble, with liberation of hydrogen, in boiling solutions 
of potash or soda. If, at the same time that the zinc is in.serted in the 
alkaline solution, a slip of iron be placeil in contact witli it in the same 
liquid, the decompo.'iitioii of water may he effected at ordiiiarv teinpem- 
tures. In this case the zinc alone is attacked, the iron merely serving 
as the negative element of a voltaic couple, by tlie action of wliieh tlie 
decomposition is much facilitated. 

Zinc is largely employed in tlie form of slieets for covering liouses and 
for making gutters and spouts; also for casting imitation bronzes, for 
galvanizing sheet-iron, and as a constituent of brass. 

Zinc Ores. 

Zinc usually occurs in combination with either sulphur, oxygen, car- 
bonic acid, silica, or sulphuric acid, and is also occasionally found asso- 
ciated with alumina, as in a variety of the species spinel. Before the 
blowpipe the ores of zinc arc almost completely infusible, but when 
strongly heated on a charcoal support, give off, with greater or less facility, 
fumes of zinc, which becoming oxidized are deep yellow when hot, and 
are deposited on the cooler parts of the charcoal as a white incrustation. 

The zinc of commerce is chiefly obtained from the natural carbonates 
and silicates of this metal, and from the native sulphide, or blende. Tlie 
ores of zinc occur either in veins traversing the older rocks, or in floors 
1 i . — Tooont formations. The first mode of occurrence 
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is perhaps tlie most frequent, but the more recent deposits are generally 
most productive. 

Native Zinc. — A specimen of native zinc is stated to have been found 
near Melbourne, Victoria, in a cavity in basalt ; but the occurrence of 
this metal in the native state requires confirmation. 

Ked ZiNO Ore; Zincite; Zinc oxyde ferrifh‘e\ ZinTcoxyd, Heica- 
gonal. — Red oxide of zinc, ZnO, although rarely occurring in the crystal- 
line form, has sometimes been met with in crystals belonging to the 
hexagonal system. It is found at Mine Hill, Stirling Hill, &c., in New 
Jersey, where it is associated with franklinite, willemite, and calcite. 

An analysis of this mineral by Wliitney gave : — 

ZnO 96-19 

Mn./)3 3*70 

99-89 

Its specific gravity varies from 5*4 to 5*7 ; lustre adamantine ; affords 
when scratched an orange-yellow streak ; colour red, of various hues, 
sometimes inclining to yellow. It possesses distinct cleavages, is brittle, 
and presents a siihconchoidal fracture. 

Alone, hefoi-e the blowpipe, this mineral is infusible, but with the 
addition of borax a yellow transparent glass is obtained. Its surface 
becomes dull, and ultimately white, by exposure. 

A specimen of this mineral, of extreme purity, and weighing 16,400 
lbs., was forwmrded to the Great Exhibition of 1851. 

Zinc Blende ; Zinc sidfure ; Blende. Cubic, tetrahedral. — This 
mineral occurs either massive, or in dodecahedra, octahedra, and allied 
forms. Streak white to reddish-brown. Colour, resin-yellow to dark- 
brow’u or black ; specimens having a green or a red tint are occasionally 
met with. Lustre waxy or resinous, and when recently broken a brilliant 
and frequently submetallic surface is obtained. Specific gravity 3*7 to 
4*2. This ore, wlien of a dark colour, contains sulphide of iron, and the 
red variety is sometimes associated with as much as 5 per cent, of cad- 
mium sulphide. When heated alone, or with the addition of borax, 
before the blowpipe, it is infusible ; when a charcoal support is employed, 
it yields metallic fumes, resulting in a deposit of oxide of zinc. 

Blende occurs in rocks of all ages, and is often associated with 
ores of lead, as also, thougli less frequently, with those of iron, copper, 
tin, and silver. The blende found in this country is, from the amount 
of iron sulphide it contains, usually of a dark colour, and is hence called 
Black Jack by English miners. This sulphide is found abundantly in 
Cornwall, Cumberland, and Derbyshire, as well as in Transylvania, 
Hungary, the Harz, and elsewhere. 

A transparent variety of a bright-yellow colour accompatiies boumo- 
nite and fahlerz at Kapnik in Transylvania ; still more beautiful speci- 
mens of an olive-green tint are procured from Schemnitz in Hungary ; 
transparent red blende occurs in Spain ; whilst Sweden, Bohemia, and 
Saxony furnish brilliant brown and black crystals of this mineral. 
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The zinc and sulphur of which this mineral is composed are com- 
bined in the proportion of 1:1, and its composition will consequently 
be expressed by the formula ZnS. 

Two analyses of this substance from different localities afforded the 
following results : — 



Sulphide of Zinc, 
in OrystiUs ; 
Arlved*.oii. 

Ijimellar, from 
Eu^lund ; Bcrtliicr. 


66*34 1 

61*5 

, Fe . 


4 0 

' S .... 

33-66 1 

83 0 


100 00 

From the difhculties formerly experienced in its inelallurgical treat- 
ment, this mineral was until a comparativtdy recent date but sparingly 
employed as an ore of zinc, although after careful roasting, it yields, by 
distillation with carbonaceous matter, a large proportion of the metal it 
contain?. 

Cakboxateof Zinc; Calnminc ; Smiihsimifp : Zinc ctirhomtie : Zinina- 
2 >ath. RiiomboheJral. — This substance is found in crystals, in concre- 
tionary and compact masses, and in pseudomorphic forms. When pure, 
its colour is yellowish-white : but w'hen much contaminated with iron, it 
is frequently brown or reddish-brown. 

Lustre vitreous, inclining to pearly ; streak white ; cleavage ]»arallel 
to the faces of the rhoinb(»hedron. Specific gravity from 4*00 to 4*45. 
Smitlison. wlio anahved two specimens of this mineral from Derbyshire, 
found tliem to cruitain : — 



1.' 

' , ! 

ZtiO . 

65 20 

64-64 ' 

C(l, . 

. , 34 *80 

1 

' 3ri-36 


1 - 

1 10000 

1 - 

1 100 00 1 


The com{)osition of tliis mineral is rcprcsente<l hy the formula 
ZnO.COj, or ZnCOj. It is soluble in acids with evolution of carbonic 
anhydride ; w'lien strongly heated before the blowpipe, that gas is elimi- 
nated and oxide of zinc remains. This is one of the most important 
ores of zinc, and, together with the silicates with wddch it is almost in- 
variably associated, is extensively employed for the production of that 
metal. A compact, fibrous, sfiini-transparent variety of this mineral, of a 
pale-yellow colour, and disposed in concentric laminae, occurs at Alston 
Moor in Cumberland, where it is found associated with blende and 
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galena in calcareous rocks. It is likewise found in Derbyshire, as also 
in the Island of Sardinia, in Greece, in Siberia, Hungary, Silesia, Carin- 
thia, and near Aix-la-Chapelle, as well as in many parts of the United 
States of America. 

Silicate op Zinc ; Electric Calamine ; Zinc oxyde silicifhre. 
Rhombic, hemimorphic. — This mineral was for a long time confounded 
with carbonate of zinc, although they differ materially from one another 
both in their chemical and physical properties. It occurs in mam- 
millated, botryoidal, and fibrous forms; also massive, granular, and 
crystallized. 

Its usual colour is white, with sometimes a bluish or greenish shade, 
also yellowish to brown. Streak white. Transparent or opaque ; 
vitreous lustre and uneven fracture. Specific gravity 3*3 to 3*6. 
Crystals of this mineral, when heated, become electric, and the same 
effect is sometimes produced by friction. 

Specimens, analysed by Hermann and Schnabel, gave the following 
results : — 



From Nertschinfek. 

From Santander. 


ilermaim. 

Schnabel. 

SiOj .... 

25*96 

23 74 

ZnO .... 

65*66 

66*25 

HoO .... 

S*38 1 

8*34 

FejOs .... 


1*08 


100*00 

1 

99*41 


Tiie composition of this mineral may be represented by the formula 
Zn 2 Si 04 .}Io 0 , or 2ZnG.8i()2.Aq. This is a valuable ore, and is commonly 
associated with the carbonate in deposits containing ores of iron and 
leail, together with sulphide of zinc. Considerable quantities occur at 
llleiberg and Raibl in Carinthia, as also at Freiburg in Breisgau, at R^z- 
bdnya in Hungary, Taniowitz in Silesia, and in the^ neighbourhood of 
Aixda-Cliapelle. Concentric botryoidal masses are also found in the 
Mendip Hills, and at Wanlockhead in Dumfriesshire. Pseudomorphous 
crystals of the same substance occur in some parts of Derbyshire, and at 
Schemnitz in Hungary. Before the blowpipe it decrepitates, intumesces, 
and loses its transparency. When reduced to fine powder, it is soluble 
in hydrochloric and sulphuric acids on the application of a gentle heat, 
and, on cooling, silica is deposited in a gelatinous state. 

Willemitb; Anhydrous Silicate of Zinc : Troostite. Rhombohedral. 

This mineral occurs in minute crystals, massive, disseminated in grains, 

and fibrous. Lustre, vitreo-resinous. Colour, whitish- or greenish- 
yellow, to green or brown, when impure ; streak uncoloured ; trans- 
parent to opaque ; specific gravity, 3*89 — 4*27 ; brittle, with sub- 
conchoidal fracture. 
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The following analyses of specimens, from Stirling, N.J., are by 
Vanuxem and Keating, wlio, together, first described this mineral ; — 



1 

3. 

SiO] . . . . j 

I 25-44 

26-00 

MnjOg . . 1 1 

6-50 

( 2-66 

FeaO, . . . i 

1 -67 

ZnO .... 

68-06 

71-33 

1 

1 

100-00 

99-66 


From analyses of this mineral the formula 2Zii().Si02, or Zii2Si04, 
may be deduced. 'Willemite occurs at Vieille-Moiitagne, near Moresnet, 
and at Stolberg, near Aix-la-ChafXille ; at Kaibl, in Carinthia ; in Servia, 
and in Greenland. In 2 s ew Jersey, at Franklin and Stirling, it occurs 
in such quantities as to constitute an important ore of zinc. A variety 
known as Troostiie Ls found in the last-named localities, in crystals of 
as much as 6 inches in length by 1 inch in diameter, iinl>edded in 
franklinite or calcite. The following minerals, altliough interesting to 
mineralogists, are not found in sufficient quantities to be of any metal- 
lurgical importance : — 

Sulphate of Zinc; Goftlarite; Whiie ritriid ; Z!nr sidfatr ; Ooa- 
larit Rhombic, — Its formula is ZnO.SOa TH./), or ZnS04.7Il/). Jt 
is a soluble salt of a white colour, and i> usually associated with blende, 
by the oxidation of which it is juobably produced. It occurs at Hol}- 
well in Wales, at <'iu^lar in the Haiz, at Fahlun in Sweden, and at 
Schemnitz in Hungary. 

OxTSULPHiDE OF ZiNC ; Vulizitf‘ ; Lehn'hhnfle.— ln implanted spheri- 
cal globules ; colour, dirty rose-red to yelhAv. Its com])osition may 
be expressed by the formula 4 ZnS.ZnG. A rare minenil occurring at 
Pontgibaud in France, Joachiinsthal in Rohemia, and in Cornwall. 

A hydrous phosphate and an anliydrous sulphate of zinc are also 
stated to occur , 


JllHTItIBLTION OF ZlNC ( )BE8. 

Of all tlie minerals containing zinc four only are of much general 
importance to the metallurgist ; these are blende, calamine, and the sili- 
cates of zinc. These ores are derived from two di.stinct sources, namely, 
from mineral veins and from irregular deposits. First, those whicli occur 
in the older formations in veins, generally associateil with other metallic 
sulphides ; blende is the most abundant ore of this class. The second 
group, which includes the most important ores, occurs chiefly in calca- 
reous or dolomitic rocks, often belonging to the Carboniferous system. 
These ores are usually either intercalated with tlio strata, or occur in the 
form of irregular masses. By far the largest projKirtion of the zinc ore 
raised in Europe is obtained from Greece, Germany, Belgium, Spain, 
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Sweden, and the Island of Sardinia ; that produced by other countries 
being comparatively unimportant. The chief deposits of Germany are 
situated in Upper Silesia, some also occurring in the Rhenish provinces 
and in Westphalia. The most important Belgian deposits are those be- 
longing to La Yieille-Montagne, La Nouvelle-Montagne, and the Soci4t6 
M(Stallurgique Austro-Belge. The Mineral Statistics for 1884 show that 
the quantity of zinc ores raised in the United Kingdom during that year 
amounted to 25,563 tons, equivalent to 9,919 tons of metallic zinc ; of 
tliis quantity 5,364 tons were raised in England, chiefly in the counties 
of Cornwall, Devon, Cumberland, and Salop; 14,467 tons were obtained 
from Wales, chiefly from Denbighshire, Cardiganshire, Flintshire, and 
Montgomeryshire. The Isle of Man during the same year produced 5,685 
tons ; Ireland, 47, and Scotland none. The principal zinc- works in this 
country are situated at Swansea, and in the counties of Durham, Denbigh, 
and Flint. The ores treated include blende, chiefly obtained from various 
lead mines, together with calamine and silicate of zinc. The two latter 
are, for the most part, the produce of foreign mines, considerable 
quantities of carbonate being imported from Spain, Greece, and Sardinia, 
while silicates are, to a small extent, derived from other sources. The 
United States of America annually yield large quantities of zinc ore. 

The following table gives the production of spelter (crude zinc) for 
the several years indicated. The data relating to the production of zinc 
in Euroj)e are those of M. Saint-Paul de Sin^ay, Director-general of the 
Vieille-Montagne Co. ; the American statistics are derived from official 
returns. 

raonucTiON of Spelter. 



1860. 

1865 

1870 

1875 

1880 

1882 


Tonn 

Tons. 

Tons 

Tons. 

Tons 

Tons. 

Upper Silesia 

40,3.54 

35,430 

36,518 

43,123 

65,437 

69,846 

Hheni>h Province and j 
WcHtphalia . . j 

Vieille-Montagne 

8,692 

16,647 1 

18,006 

25,396 

27,107 

35,546 

28.925 

30,592 1 

42.112 

41,618 

44,690 

48,861 

Other Belgian Works. 
Soci^t^ ) Sjmin 

9,144 

13,485 ' 

14,476 

18,836 

26,700 

85,625 

1,777 , 

1,325 1 

3,048 

3,000 

4,000 

6,047 

Asturienne ( France . 


t 


6,311 

8,591 

11,423 

Other French Works . 


600 

500 

1,500 

15,903 

3,000 

25,581 

England 

6,104 

6,523 1 
3.e00 

16,000 

22,000 

IVland . . . 

1,,500 

3,625 

3,000 

4,463 

4,544 

Austria . . . i 

1 

1,500 

1,000 

1 

1,000 

1,000 

1 

3,199 

3,199 

Totals for Eurt>i>e . 

97,896 

108,602 

1 

1 

135,285 

158,687 

209,187 

1 

239,672 

United States of America . 

• 

. i 

1 

1 14,345 j 

i 

i 

1 21,054 1 

1 

30,591 

Totals for the World 

• 

• 

1 

1 

173,032 1 

230,241 

270,263 
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Assay of Zinc Ores. 

The zinc-yielding materials which are likely to come under the notice 
of the metallurgist may be classified as follows : — 

1. Ores of zinc in which the metal exists in the form of oxide, un- 
combined with silica. 

2. Ores in which zinc is present as oxide, but wholly or in part com- 
bined with silica. 

3. Ores in which this metal exists wholly, or in part, combined with 
sulphur. 

The estimation of the amount of zinc contained in an ore of that 
metal may be effected either by dry or by humid assay. The determi- 
nation by the former method is a troublesome and uncertain process, 
since zinc, being volatile and oxidizable at high temperatures, cannot be 
obtained in the form of a metallic button, as in the case of the more 
fixed metals. 

Fire Assay. — Ores of the first class, being readily reducible, only 
require to be mixed with carbonaceous matter and heated to whiteness 
in a porcelain retort. The metal is by this means volatilized and con- 
denses in the neck of the retort, %vhich, during the operation, must be 
kept open by the occasional insertion of an iron rod, since otherwise an 
explosion might ensue. When the operation is completed, which is 
usually the case in about an hour, the retort is removed from the fire and 
laid on its side to cool. It must then be broken, and the zinc detached 
from the neck as completely as possible, together with any globules which 
may have condensed in the dome ; this separation is more readily effected 
if the neck has been previously coated with plumbago. Any zinc which 
cannot be thus mechanically detached, must be removed by immersing 
the fragments of the retort in hot nitric acid ; the solution thus obtained 
is evaporated to dryness, the residue, of nitrate of zinc, being converted 
into oxide by ignition. This is weighed, and four-fifths of its weight 
added to that already obtained by weighing the zinc obtained in the 
metallic state. 

Ores of the second class are likewise reducible by carbon, but it is 
found desirable to add some base, such as lime, which combines with 
the silica set free on the reduction of the zinc oxide, forming with it a 
fusible slag. 

Ores of the third cla.ss must, previously to treatment by the same 
]^rocess as those of class 1, be subjectwl to careful roasting to free them 
completely from sulphur. To prevent clotting, the temperature must be 
kept low during the first portion of the process, but must be considerably 
raised towards the end, in order to insure decomposition of any sulphates 
which may have been formed. 

Humid Assay. By Difference. — This process is based on the solu- 
bility of zinc oxide in solutions of ammonia and ammonium carbonate, 



ZINC. 


507 


and is not suitable for ores in which the zinc is present as silicate, upon 
which the above-named reagents have but little effect. On this account 
the process may be found useful in determining, approximately, the 
amount of zinc carbonate present in an ore in which that metal also 
exists as silicate. The process is conducted as follows : — A weighed 
quantity of the ore is calcined in a muffle or over a gas-flame imtil all 
volatile matters have been expelled. The calcined ore is then re- 
weighed, placed in a beaker or flask, and digested for about half an 
hour with a solution of ammonia and ammonium carbonate. 

The insoluble residue is collected on a filter, thoroughly washed with 
hot ammoniacal water, dried, ignited, and weighed. This weight de- 
ducted from that of the calcined ore employed gives, by loss, the weight 
of zinc oxide ; from which, by subtracting one-fifth for oxygen, we get 
the weight of zinc present as carbonate in the ore operated upon. 

If the ore be in a state of fine division and tolerably pure, the zinc 
oxide may be almost completely extracted by ammonia and ammonium 
carbonate. If, however, much earthy matter or oxide of iron, more 
especially the latter, be present, some of the zinc oxide is retained in the 
insoluble residue. To obviate this the process may be advantageously 
modified as follows : — After calcination, the ore is treated with hydro- 
chloric acid and a little nitric acid ; to the solution obtained ammonia 
and ammonium carbonate are added in excess. The insoluble residue, 
together with the precipitate of ferric hydrate, &c., is collected on a 
filter, washed with hot ammoniacal water, dried, ignited, and weighed. 
The difference between this weight and that of the calcined ore used 
indicates, a])proximately, tlie quantity of zinc oxide dissolved. By this 
treatment, not only the zinc originally existing as carbonate, but also 
that present as silicate, is removed ; silicate of zinc being decomposed 
by the acids employed. 

Volumetric Assay. — The volumetric estimation of zinc by a standard 
solution of sodium suljfflide is one of the quickest and most reliable 
methods known, and is therefore commonly used for commercial pur- 
poses. When sodium sulphide in solution is added to an ammoniacal 
solution of zinc, the latter metal is thrown down as a white precipitate. 
By using a standard solution of sodium sulphide, the quantity of zinc 
present may be calculated from the amount of the solution required for 
its precipitation. Various methods have been employed to determine 
when the whole of the zinc has been precipitated, the following being 
tliose most usually resorted to. The first of these will generally be found 
very convenient. 

Flakes of freshly precipitated ferric hydrate may be produced in the 
ammoniacal solution of zinc by the addition of ferric chloride ; these will 
retain their colour until all the zinc has been precipitated, but will 
blacken directly the sodium sulphide is in excess. Or a drop of the 
zinc solution may be transferred, by means of a glass rod, to a piece of 
lead-pa])er, when the presence of excess of sodium sulphide will be indi- 
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cated by the blackening of the paper. Instead of this a drop of a solution 
of pure nickel sulphate, or lead acetate, may be placed on a white 
porcelain slab and touched with a glass rod, which has previously been 
dipped into the zinc solution. If there be any excess of sodium sulphide, 
a black precipitate will be formed ; if, on the contrary, a portion of the 
zinc still remains in solution, no change will occur. 

The preparation of the necessary re-agents is conducted as follows : — 

Ferric Chloride Solution, — 3 grammes of iron-wire are dissolved in 
liydrochloric and a little nitric acid, and the solution diluted to one litre. 
5 c.c. of this solution will contain about 0*015 gramme of metallic iron. 

Solution of Sodium Sulphide, — About 100 grammes of c^y^tallized 
sodium monosulphide are dissolved in about litres of distilled water. 
The solution should be either filtered or decanted, in order to free it 
from any black precipitate whicli, in small quantities, may be formed : it 
is then ready for use. Standardization is effected by dissolving two or 
three pieces of zinc, eacli w’eighing about 0*5 gramme, in hydrochloric acid 
containing a small quantity of nitric acid ; eacli solution is put into a 
separate flask and diluted with water to about half a litre ; ammonia in 
excess is then added. Into each flask 5 c.c. of ferric chloride solution, 
to wdiich ammonia has been previously added, are introduced. Solution 
of sodium sulphide is now allowed to run slowly from a graduated burette 
into tlie cold ammoniacal solution, which must be kept in constant 
motion, untd the zinc is completely precipitated and the ferric hydrate 
is blackened. The number of divisions of the liquid which have been 
run into each fla^k is tlien read off, and the mean of the results taken 
as the standard. From tlie quantity of this solution required to precipi- 
tate a known weight of zinc, the weight of that metal which each c.c. of 
sulphide solution will precipitate is readily found. 

When sodium monosulpliide is unobtainable about 300 grammes of 
caustic soda may be dissolved in 1 litre of water, and the solution divided 
into two equal jK>rtions. Through one of the.se, sulphuretted hydrogen is 
passed to saturation ; the other portion of the solution is then added, and 
a preliminary trial of the strength of the mixture is made. It may then 
1)6 diluted to approximately the re(piired strength, and standardized in 
the u.'sual way. 

Estimation of the Zinc contained in an Ore, — From 0*5 to 2 grammes 
of the pulveriz(»d ore are lieated with hydrochloric and a little nitric 
acid, a large exc(*>s of acid being avoided. When the decomposition is 
complete, the solution is somewhat diluted, and ammonia and ammonium 
carbonate added in excess ; it is then kej)t at a gentle heat for twenty or 
thirty minutes, filtered into a flask, and the residue on the filter well 
washed with hot ammoniacal water. To the ammoniacal solution 5 c.c. 
of the ferric chloride solution should bo added. It is, however, prefer- 
able flrst to add ammonia to the 5 c.c. of ferric chloride solution, and 
then to pour the liquid containing precipitated ferric hydrate into the 
ammoniacal zinc solution ; this mode of procedure prevents the coagula- 
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tion which would be liable to occur if the ferric chloride were directly 
added. When the solution is cold the sodium sulphide solution is gradu- 
ally run in from a burette, until the zinc is completely precipitated and 
the ferric oxide is slightly blackened. The number of divisions of the 
solution run in is now read off, and the weight of zinc which that quan- 
tity of the standard solution is capable of precipitating is determined by 
calculation ; the result being the quantity of zinc contained in the weight 
of ore employed. During the addition of the sodium sulpliide solution 
the contents of the flask must be kei)t in continual agitation, otherwise 
the zinc may be entirely precipitated, in one poition of the solution, and 
the ferric hydrate blackened, before the precipitation of the whole of the 
zinc has been effected. Should this occur, the results obtained would be 
entirely unreliable. 

Ores of zinc arc frequently contaminated by the presence of other 
metals, which would vitiate the assay unless previously removed. 

Iron , — When this metal is present in small quantities only, the assay 
may be made without filtration ; it is, however, preferable to filter off the 
ferric liydrate from the solution of zinc in ammonia and ammonium car- 
bonate, and to add to the filtrate a definite amount of the ferric chloride 
solution. When the quantity of iron is considerable the ferric hydrate is 
liable to retain zinc oxide ; in this case, after allowing the ferric hydrate 
to subsi<le, the aminoniacal solution is decanted, and the former again 
treated with ammonia and ammonium carbonate before filtration. 

Manganese is sometimes present in red zinc oxide, &c. On the addi- 
tion of ammonium carbonate, the manganese is not completely separated ; 
but its complete precipitation may be effected by the application of heat 
and the addition of a few drops of bromine to the ammoniacal solution. 

if present in small quantities, communicates a blue colour to 
the solution ; it may be removed by the addition of a few drops of sodium 
sulphide solution to the ammoniacal zinc solution, whilst hot, until the 
blue colour is discharged. The precipitated copper must be separated by 
rapid filtration, and the zinc estimated in the filtrate, after cooling, in the 
usual manner. If copper be present in large quantity, the ore must be 
treated witli dilute sulphuric acid, and the copper thrown down by 
immersing in the solution a clean plate of iron. The precipitated copper 
is thrown on to a filter, and, if necessary, may be washed, dried, and 
weighed. To the solution a small quantity of nitric acid is added, to 
peroxitlize the iron, and after adding ammonia and ammonium carbonate 
the assay is proceeded with in the usual manner. 

Lead and Cadmium do not interfere with the accuracy of the results, 
since the former remains partly in the insoluble residue, as sulphate, and 
the remainder is precipitated on the addition of ammonium carbonate, 
whilst cadmium is insoluble in the ammoniacal solution. 

Silver is rarely present in sufficient quantity to interfere with the 
assay, but if necessary it may be separated by filtering the dilute solution 
of zinc oxide in hydrochloric acid, previous to adding ammonia^ the 
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silver will thus be left with the insoluble residue on the filter, in the 
form of chloride. 


METALLURGY OF ZINC. 

When calamine is the ore operated on, it is first submitted to calcina- 
tion, for the purpose of rendering it less compact and more readily acted 
on by the carbon used for its reduction, wdiile at the same time carbonic 
anhydride and water are driven off. In some cases the larger fragments 
of ore are roasted in kilns, the calamine being interstratified with layers 
of fuel. A modified form of lime kiln having an independent fire-place 
is used in nortliern Spain for this purpose. An apparatus of tliis descrii> 
tion will yield from 5 to 8 tons of calcined calamine in twenty-four 
hours, while one having two grates will calcine as much as 10 tons, 
with a consumption of from 7 to 9 per cent, of coal. This, though pos- 
sessing fewer disadvantages than ordinary kilns, is, nevertheless, liable 
to yield a product of which the degree of calcination is not uniform. 

In other cases the calcination is conducted in reverberatory furnaces, 
but the ore must not be in large fragments, which are both difficult to 
turn and to thoroughly calcine. The furnaces employed are of the ordi- 
nary reverberatory description, and may be heated either by an inde- 
pendent fire-place or by the waste gases from the reduction-furnaces. 
When the latter are employed, considerable economy of fuel is the 
result, but the draught and consequently the temperature of the retorts 
nearest the calciner are liable to be decreased 

Silicates of zinc are not always calcined previous to treatment for 
the metal they contain, but are frequently mixed with slaked lime, in 
addition to the coal-dust used for their reduction. 

The process of roasting blende, which has for its object the conversion 
of zinc sulphide into zinc oxide with the elimination of sul])hurous anhy- 
dride, is by no means so easily accomplished as the calcination of cala- 
mine. AYhen blende is roasted zinc sulphate is formed, and this can 
only be decomposed by a strong heat. Kilns arc not suitable for the 
roasting of blende, but they arc occasionally employed for a preliminary 
heating having for its object the rendering of the blende more friable. 
Roasting can only be satisfactorily accomplished after the blende has 
been reduced to a uniform coarse powder. 

The calcined or roasted ore is reduced to powder in suitable mills, a 
coarser powder being used for the Silesian than for the Belgian process. 
In many cases roasted blende requires no further crushing, having been 
ground sufficiently fine previous to roasting. The calcined ore is mixed 
with a proper proportion of finely divided non-caking coal, by which, 
when strongly heated, the production of metallic zinc is determined. 
The reduction of the oxide is effected at the expense of the carbon pre- 
sent, carbonic oxide is evolved, and the metallic zinc liberated is con- 
densed in proper receivers adapted to the retorts in which the operation 
is conducted. 
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English Process. 

In 1721 Henckel published his discovery of the fact that zinc could 
be obtained from calamine, and in 1742 Van Swab extracted it from its 
ores at Westerwick in Ualecarlia, where it was proposed to erect works 
for its production on a large scale. Dr. Isaac Lawson, in this country, 
is reported to have first invented a practical method of extracting zinc 
from calamine, and to have erected works for that purpose. According 
to Pryce, zinc-works were first erected at Bristol by Mr. John Champion, 
to whom a patent appears to have been granted in 1739. 

The process formerly employed in this country for the reduction of 
zinc ores is known as distillation per descensum^ and was conducted in 
furnaces in many respects similar to those used in glass-houses for the 



Fig. 147. — English. Zinc Furnace ; vortical section. 


preparation and fusion of glass. These furnaces were either square or 
round in horizontal section, but that represented in fig. 147, which was 
usually preferred, has the latter form. The fire-place, F, was raised to 
a convenient height above the ground, and was situated in the centre 
of the arrangement. Around this were disposed the pots, c, which 
were charged with the mixture of ore and fine coal from which the zinc 
was distilled. The conical hood was pierced with openings, corre- 
sponding to each pot, through which the charge was introduced. The 
bottom of each pot was furnished with an orifice, which was stopped by 
a plug of wood ; this, being converted into charcoal during the process, 
was rendered sufficiently porous to admit of the passage of the volatilized 
metal, but at the same time prevented the escape of the small coal or 
calcined mineral. Each pot was covered by a lid secured in its place 
by a luting of fire-clay ; the volatilized zinc was condensed in a sheet-iron 
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tube fitted beneath the opening in the bottom of each pot These 
tubes were made in two portions, the sliorter being funnel-shaped and 
so arranged that it oouKl Ihj raised or lowered in oilier to keep the flange 
at its up|H*r end in close contact with the bottom of the pot The 
longer piece of tul>e was fitted loosely on to the shorter, but was not 
placed in position until the tine began to distil off. The condensed 
metal fell, in the form of drops, into an iron vessel, r, placed for its 
reception. As the tul>es were liable to become clioked by the condensed 
metal, it was necessary to clear them from time to time by the insertion 
of a long iron rod, since they might otlierwise become entirely closed, 
and give rise to explosions. The zinc collected in the form of drops 
and fine powder, mixed with a certain proportion of oxide, was afterwards 
melted in an iron pot, set in brick w^ork, and heated by a fire beneath. 
The dross which collected on tlie surface of the fused metal was skimmed 
off and returned to the pots in a succeeding operation, while the zinc 
itself was cast into rectangular slabs or ingots, in which state it was sent 
into the market. Five distillations %vere made by a furnace of this 
kind in fourteen days, in the course of which 5 tons of calcined ore were 
treated, yielding about 40 cwts. of metal. About 25 tons of a mixture 
of binding and free-burning coal were employed in the extraction of 
1 ton of metallic zinc. The duration of each pot was calculated at 
about four months ; when unfit for further service, they were removed 
through apertures made in the surrounding brickwork. New pots, before 
being set, were heated to redness in a reverberatory furnace, and carried 
to their places by a large pair of iron tongs slung in chains, and sup- 
ported by a traveller similar to that used for replacing glass-house pots. 
When set in their places, the brickw’ork was repaired and a cover fitted 
in the usual way. At the close of each operation, the crucibles were dis- 
charged by removing the condensing-pipe from the bottom, and with- 
drawing the residue through the aperture, after breaking with a rake 
the charcoal by which it was partially closed during the process of dis- 
tillation, Any cracks which might occur in the pots during tlie process 
were stopped with fire-clay. 

The consumption of fuel in this apparatus was too large in proportion 
to the amount of metal obtained to enable it to compete with the Bel- 
gian and Silesian furnaces. It is believed that the English zinc-furnace 
is no longer anywhere in use, although it was seen in operation by Dr. 
Percy so recently as 1859. 


Beujian Process. 

Calamine, which also occurs abundantly in certain Devonian and 
Carboniferous rocks of Belgium, was for a long period obtained from 
deposits at Moresnet in the neutral territory, and was employed at Stol- 
berg, Li6ge, Namur, and elsewhere for the manufacture of brass by 
cementation, but the art of isolating, on a commercial scale, the peculiar 
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metal which by uniting with copper transformed it into brass remained 
unknown. 

In the year 1805, however, the Abb4 Dony, who does not appear to 
have been acquainted with what had been done by others in the same 
direction, accidentally produced this metal. When endeavouring to 
extract zinc from calamine, by fusion in a reverberatory furnace, it 
occurred to him that the heat applied was probably not sufficiently 
great, and he consequently added coal-dust to the mineral. He also 
built into the side of his furnace an ordinary flower-pot to serve as a 
peep-hole through which he might watch the various changes taking 
place in the interior. On the inside of this flower-pot, which was con- 
siderably cooler than the furnace itself, drops of condensed zinc began 
plentifully to appear, and the method of extracting this metal by distil- 
lation from a mixture of calamine and coal-dust, by the Belgian process, 
was thus established. 

In the year 1810 the Abb6 Dony associated himself with a ]M. 
Chaulet, and erected small works at Liege, but in 1818 they found 
themselves completely ruined, and were obliged to dispose of their 
establishment to Dominique !Mosselman, whose representatives in 1837 
founded the Vieille-Montagne Company. 

Tlie first furnaces erected at Li6ge contained each 16 retorts or 
which number was afterwards increased by Mosselman to 20. The 
charge of such a furnace was 500 kilos., and the production of metal 
200 kilos, per diem. In 1840 it was considered a great improvement 
had been made by arranging these furnaces in blocks of four, each con- 
taining 48 pots, and obtaining a daily production of from 250 to 300 
kilos. At the present time, with about the same consumption of fuel, 
and only a very slight increase in labour-cost, the large furnaces at 
Angleur, wliich are the direct descendants of the Dony type, yield from 
1,300 to 1,400 kilos, per diem from each face containing 160 pots. 

Calcination of Orca , — Up to the year 1857, the ores treated at the 
various Belgian zinc- works consisted exclusively of calamine, with a 
certain amount of silicate of zinc, but since that period large quantities 
of blende have been employed. The ores at first used were principally 
massive, and were calcined in kilns similar to those constructed for 
burning lime, but when poorer material was enriched by crushing and 
washing it became necessary to employ reverberatory furnaces, as kilns 
are not suitable for the calcination of finely divided stuff. Calamine, 
when heated, loses its water and carbonic anhydride, and is converted 
into zinc oxide ; hydrated silicate of zinc loses its water only. Blende 
is transformed by roasting into oxide of zinc, while its sulphur passes off 
in the form of sulphurous anhydride. Calamine may be calcined in kilns 
with an expenditure of about 7 per cent, of fuel, but in the reverberatory 
furnace about 10 per cent, of the weight of the ore will be required, 
and the total cost in Belgium amounts to about 4 fr. 50 c, per ton of 
roasted ore. 

2 K 
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Blentie is roasted in reverberatory furnaces, which are usually pro- 
vided with two beds. The ore to be calcined is first finely ground, 
and then spreail equally over the surface of the upper bed, where it 
remains twenty-four hours, and is turned over from time to time. After 
tJie withdrawal of the former chaige the ore on the upj>er bed is trans- 
fvrrod to the lower one, wheitJ it is frequently turned over so as to 
expose every portion of it to the air. The formation of zinc sulphate is 
to be as much as possible avoided, and for that reason the ore should 
not come in contact with an unlimited suj>ply of air. When an ore 
contains pyrites it becomes more or less fusible, and great care is neces- 
sary to avoid agglomeration. In order to decoini>ose any sulphate of 
zinc formed during the oi)eration it is necessary that the charge should b(^ 
very strongly heated before drawing, and for this purpose it is collected 
ill the portion of the furnace lying immediately before the bridge. This 
operation is somewhat long and difficult, but as the presence of only 1 or 
2 per cent, of sulphur in the ore causes a serious loss during the process 
of reduction, it is important that it should be removed as completely as 
possible. The consumption of fuel is about one-fourth the weiglit of the 
ore treated, and the total cost is estimated at 15 f. per ton of roasted 
blende. 

^lessrs. Ilasenclever and Helbig have proposed tlie use of a furnace 
by winch a portion of the sulphur in the blende could be rendered avail- 
able for the manufacture of sulphuric acid, but it does not Jippoar to have 
been generally adopted. 'When silver is present in blende it is to a 
considerable extent carried off during tlie operation of roasting. It is, 
however, stated that the addition of lime or sodium carbonate to the raw 
ore to a great extent prevents this loss. 

J^ots or lletorts . — It is as important that zinc-w’orks should be so 
situated as to command a good supply of refractory material for the 
manufacture of pots and fire-bricks, as that tliey should be in the 
vicinity of cheap coal. The clay employed miust bo very refractory, 
and, as a rule, should contain but little free silica ; that from Aiideniie 
is usually preferred. 

The pots for the distillation of zinc 'were formerly all hand-made, 
but are now manufactured by machinery, by which they are not only 
produced at a cheaper rate, but also of superior quality. A mixture 
of uuburnt and burnt clay is, after drying, ground togetlier in a Vapart 
mill, mixed and kneaded in a horizontal pug-tub, and finally delivered, 
])y an endless screw, upon the moulding-table. The section of the pots 
is either round or elliptical, and they are made by forcing, by a heavy 
rammer worked by machinery, the prejiared clay into a sheet-iron mould 
of the proper form, opening longitudinally, and lined with wet canvas. 
In this way a sausage-shaped mass of clay is obtained 1 *30 m. in length, 
which, w hile still in the mould, is bored by machinery to within 0*03 ni, 
of its lower end; if round, the interior diameter is at Angleur 0*16 
m., or if oval, 0*16 m. x 0*20 m, ; the thickness adopted at the same 



works being 0*03 m. The mould is now opened, the canvas around the 
outside of the pot removed, and the pot gradually dried so as to be 
ready for delivery to the zinc- furnace. This is done by successively 
passing it through a series of stoves of which the temperature pro- 
gressively increases. Elliptical pots are made in moulds having the form 
of their exterior, wliile the interior is cut out by two parallel borings 
intersecting one another throughout their whole length. 

In many of the zinc-works the pots are now made by hydraulic 
}>ower, and are much more compact and durable than those prepared in 
any other way. The apparatus employed for this purpose is a strong 
Ciist-iron cylinder, fixed vertically, of which the interior diameter is that 
of the exterior of the pot to be made. In this is an annular ram 
(‘xactly fitting its interior surface, while within it is a cylindrical ram 
having the dimensions of the inside of the pot. Both these rams work 
from the bottom upwards, and the top of the external cylinder is closed 
by a cover securely keyed in its place. In order to make a pot with 
this machine, the cover is removed, the two rams lowered together to 
a proper distance, and a roll of clay, previously prepared, introduced. 
The cover is now keyed in its place, and the two pistons raised so as 
to strongly compress the clay. By a proper arrangement of the taps, the 
solid ram is now made to advance by increased pressure, displacing the 
clay, which, having no escape, forces back the annular piston and occupies 
its place. The top is then removed and the annular piston raised, press- 
ing the pot, which can be cut off by a piece of wire at any required 
length, out of the mould. These pots are usually glazed on the inside by 
moistening them with a strong solution of common salt before firing. 

As an example of the advantages derived from machine-made pots, 
in addition to their cheapness, it may be stated that the consumption of 
liand-made pots was formerly from 5 to 7 for every 300 kilos, of zinc 
produced, whereas at the present time it does not amount to much more 
than one-twentieth of that proportion. 

Iie(hi('ii<m and Distillation . — Zinc oxide is reduced, at high tempera- 
tures, by carbon monoxide, but the reverse takes place at a red heat ; 
metallic zinc reducing carbon dioxide to carbon monoxide. This reaction 
gives rise to a certain amount of loss, which is reduced to a minimum by 
the addition of a large excess of small coal. 

At a red heat hydrogen reduces zinc oxide with the production of 
watery vapour, but the reverse reaction may take place at the same 
temperature. In order that the volatilized zinc should remain in the 
metallic state it is necessary it should be carried off by a rapid current of 
hydrogen. 

Silicate of zinc is entirely reduced by carbon at a high temperature, 
but in practice tliis ore sometimes yields little more than one-half the 
metal it contains, with the formation of a more acid silicate. To obtain 
the best results it is necessary that the temperature should be liigli and 
the heat long continued. 
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Zinc being a volatile metal, it is always obtained by distillation 
The only metallurgical process employed is the reduction of zinc oxide, 
or silicate of zinc, in close vessels by carbon. A whito-red heat is 
necessary, and this temperature requires to be kept up for a very con- 
siderable time. In all cases, however, the reduction is imperfect, the 
residues sometimes retaining above 10 per cent, of the zinc contained in 
the ores. 

The Belgian process is characterized by the employment of distillatory 
apparatus, consisting of fire-clay tubes or i)ots supported at their tuo 
extremities by the walls of the furnace in which they are enclosed. The 
general arrangement of these pots is shown in fig. 148. The pots, a, 
have a length of from 1 *20 m. to 1 *30 m. , with an internal diameter 
of from 0*16 m. to 0*20 m., their thickness varying from 0*025 ni. to 
0 040 m. At the mouth of each pot is placed the condenser, consisting of 

a fire-clay receiver, b, u ith 
an enlargement for retain- 
ing the liquid zinc. To 
this is attached a slieet- 
^ iron drum, c, of variable 
i- form, which is jiierced at 
its extremity by a small 
aperture admitting of the 
escape of the gases gene- 
rated In this nay the 

Fig, 148 -Retorts. Receivers, and Drums. coildeilSer IS piotcctcd frolU 

the air, which would otherwise bum a portion of the zinc produced. 

The furnaces are usually built in couples, back to back, the refractory 
wall between the two being common to both. The fire-chamber is 
rectangular with vertical sides, and encloses a large number of pots placed 
across it with their closed ends resting upon ledges in the back wall, 
while their mouths are supported on fire-tiles resting upon longitudinal 
cast-iron bearers supported at intervals by vertical pillars. 

In this way the front of the furnace is divided into a series of rec- 
tangular spaces, each of which encloses one or more pots ; these are all 
slightly inclined from behind forwards. The heating of zinc-furnaces is 
accomplished in various ways. Formerly they were heated by fire-places 
situated at a distance of about a metre below the lowest pots, provided 
with doors, beneath the level of the floor, for the introduction of fuel. 
The cinders fell into an ash-pit, and were r(‘moved through an arched 
passage constructed for that purpose. The flame passed around and be- 
tween the pots, and the products of combustion escaped to the chimney 
through channels situated above the arch of the furnace. 

Furnaces are now built much larger than formerly ; at Angleur, where 
they are constructed in couples, they have a fire-place at each end, and 
contain 160 pots on either side. The pots in the bottom row are not 
charged with ore, but are left open at the end and perforated with holes 
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to supply heated air for the combustion of un consumed gases. At this 
establishment the three lower rows of working pots are oval and placed 
with their longer axes in a vertical position, while all above them are 
cylindrical. The first four rows of pots only are provided with wrought- 
iron drums on their condensers, as the upper ones are not sufiSciently 
heated to require them. 

Since the introduction of gaseous fuel for metallurgical purposes, gas- 
furnaces, in accordance with the systems of Boetius, Siemens, and others, 
have been applied to the distillation of zinc with satisfactory results. 
The Boetius furnace, of which fig. 149 is a vertical and fig. 150 a transverse 
section, from an excellent article on zinc by F. de Lalande, published 
in Wurtz’s ‘ Dictionnaire de Chimie,’ may contain 147 pots 1*25 m. in 
length and of the usual diameter, arranged in seven rows of 21 pots each. 
The furnaces are built back to back in couples. 

The cavity of the furnace, which measures 7 metres in length, 2*50 
m. in height, and 1*20 m. in depth, is heated by two Boetius gas pro- 
ducers, A, placed at its two ends. The depth of these is 1‘20 m., and 
their w’idth 0*93 m., the bottom being closed by parallel inclined fire- 
bars. Tlie fuel is charged through the opening, B, and the producer is 
constantly kept full of coal up to the charging-door. The supply of air 
is regulated by horizontal openings, C. The gases generated enter the 
furnace through the vertical openings, D, which measure horizontally 
0*95 X 0-30 m. In the brickwork are built channels, E, which at F are 
ill communication ■with the arched chamber, G, and at the other ex- 
tremity are connected with a series of flues constructed in the brickwork 
below tlie pots. The cold air from G, passing through these channels, 
becomes heated, and escaping into the vertical flues at D, meets the gas 
from the producers. 

In order, as much as possible, to equalize the temperature of all parts 
of the furnace the flame which circulates around the pots, /, enters the 
opening, I, and passing off through the flue, K, the products of combus- 
tion escape through the chimney, T. A second portion of ignited gas 
envelops the pots, ?w, passes through the channels, w, beneath the pots, 
into the flue, 0 , and escapes to the chimney through the arch, P. A 
third portion of the inflamed gases, rising in the furnace, passes through 
the channels, into the flue, R, and thence through S to the chimney, T. 
It must, however, bo remarked that the products of combustion escape 
at a very high temperature, which results in a considerable loss of heat. 
This waste heat has sometimes been employed for the calcination of 
calamine. 

At one of the works belonging to the Vieille-Montagne Company, 
the Boetius furnaces have been replaced by others heated on the Siemens 
principle, but without the use of regenerators for heating the air and 
gas. The largo amount of oxide of zinc deposited in the flues through 
the breaking of pots renders the use of the hollow brickwork regenerator 
extremely difficult; the gas therefore is taken directly from the pro- 
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ducers, while the air is heated by being forced by a fan through channels 
constructed in the brickwoik of the furnace 



Whatever may be the method of heating employed, the process of 
reduction remains always the same 


Fig 140 —The Bottius Zinc lurnace , vertit x\ section Fig 150 —Transverse Section 
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When first fired the apparatus must be heated very slowly, the pots 
being previously introduced ; those required to replace breakages during 
the progress of the operations are, however, supplied from a special 
furnace in which they have been previously heated to redness. The 
calcined ore is finely ground with half its weight of a non-caking coal in 
a Vapart or other suitable mill, and introduced into the pots by a semi- 
cylindrical iron scoop. The charge of each pot consists of from 10 to 12 
kilos, of ore, and, in order to charge the upper rows, the workmen stand 
upon a rough wooden table placed before the furnace for that purpose. 
When the pots have been charged the receivers are luted into their 
places, and, if necessary, the front of the furnace is repaired with pieces 
of brick and fire-clay. The sheet-iron drums are not added until after 
the expiration of two hours. 

About this period zinc vapours begin to make their appearance, and to 
burn with a brilliant greenish flame, at the extremity of the condensers. 
The first portions of zinc which distil over become partially oxidized, 
and are deposited as a grey powder in the sheet- iron drums ; subse- 
<iuently the greater portion of the metal condenses in a liquid form in 
the clay-condensers. At the expiration of about eleven hours the opera- 
tion is finished, and the workmen proceed to collect the last portions of 
metallic zinc. For this purpose the sheet-iron drums are removed, and 
placed with their mouths downwards to prevent the ignition of the 
finely divided zinc which they contain. Then, with a semicircular 
iron-rake, the liquid metal is withdrawn from the condensers or receivers 
into ladles, from which it is transferred to moulds, where it is cast into 
ingots, each weighing about 20 kilos. The metal is collected either 
two or three times during the working of each charge. Finally the 
condensers are removed from the mouths of all the pots, which, after 
being emptied by the use of an iron scraper, are again filled, and the 
operation is recommenced. A portion of the pulverulent zinc collected 
in the iron vessels is ground with oil, and afterwards sold as a pigment 
Some of it is used for the reduction of indigo, or for the preparation of 
hyposulphite of sodium, but the gi’eater part is mixed with coal-dust, and 
returned to the pots for the purpose of being converted into spelter. 
Two workmen are required for charging and discharging every 50 pots 
contained in a funiace, and in case of the mouth of a condenser becoming 
obstructed it is opened by the introduction of a heated iron rod. The 
cost of treatment varies slightly at each works, but may be taken approxi- 
mately at 85 fr. 50 c. per ton of 50 per cent, ore treated. The consump- 
tion of fuel varies from six to seven times the weight of the zinc pro- 
duced, and the loss of metal is from 20 to 25 per cent, of that contained 
in the ora 

The principal seats of the zinc manufacture in the United States are 
at Newark, New Jersey; Lasalle, Illinois; Lehigh, Pennsylvania; in 
Kansas, and at St Louis and Carondelet, in Missouri The calcination 
of calamine is chiefly eflfectoil in kilns, and that of blende in reverberatory 
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furnaces. The reduction of the calcined ores is in all cases effected in 
furnaces of the Belgian type, anthracite being the fuel generally used. 
This is either burnt directly or in gas-producers, with or without regeiie- 
mtors. The largest furnace in America, containing 408 pots fired by gas 
without regenerators, is at Matthiessen and Hegeler^s Lasalle Works. 

The average consumption of coal in producing one ton of zinc at the 
different American works varies from 5*7 to 7*4 tons, of wliich from 4*5 
to 5*5 tons are burnt, and 1*2 to 1*9 ton added to the charges of ore in 
the pots. 

Zinc White , — Zinc white, which of late years has been much em- 
ployed as a pigment instead of white lead, is prepared either by the 
combustion of metallic zinc, or directly from ores of that metal. This 
substance possesses the advantages over white lead of being comparatively 
innocuous, and of not becoming discoloured when exposed to an atmos- 
phere of sulphuretted hydrogen. 

When made directly from zinc the metal is heated in properly con- 
structed vessels to near its point of ebullition, when it takes fire and is 
gradually converted into a flocculent white oxide, which is earned off by 
an artificially produced current of air through large sheet-iron tubes into 
a series of chambers divided by partitions of cotton cloth. By this 
treatment the oxide is subjected to a mechanical classification wliich 
separates the coarser particles from the finer, Theor(‘tically, 100 parts of 
zinc should yield 125 parts of zinc oxide. 

In the United States of America the manufacture of zinc white is 
generally carried on by what is known as the Wetherill process. This 
consists of heating finely crushed zinc ore, which may be mixed with 
Franklinite and silicates from New Jersey, calamine, or roasted blende, 
mixed with limestone and small coal, upon the bed of a muffle-shaped 
furnace. This mixture, which forms a stratum a few inches in depth, is 
spread upon a layer of coal on a cast-iron plate pcrforatc<l witli numerous 
holes, through which air at a low pressure is introduced by a fan blower. 
The zinc thus reduced rises in the state of vapour together with tlio 
furnace gases, consisting chiefly of carbon dioxide, but when these have 
somewhat cooled down, the zinc is re-oxidized partly at the expense of 
carbon dioxide, which becomes reduced to monoxide. The zinc oxide, 
in the form of a fine white powder, is carried through a system of 
cliambers in pipes to which coarse cotton-cloth sacks arc attached. These 
act as filters, through which the gaseous products of combustion readily 
find their way into the atmosphere. 

Silesian Process. 

In Upper Silesia, where large quantities of zinc are produced, the 
apparatus employed differs materially from that used for the Belgian pro- 
cess. Its form will be understood by reference to figs. 151, 152, and 153,^ 

^ From Percy’s * Metallurgy/ by permission of the author. 
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wliich represent a furnace erected some years since at Llansamlet, neat 
Swansea. 

The bed is flat, horizontal, and very nearly square ; on each side of 
\trise six similar and equal arched recesses, a, fig. 155. In front is [a 
vertical wall, h, in which is the fire-hole, c, fig. 152 ; at the back there is 
a similar wall, d, behind which rises the stack, e ; the furnace is covered 
by an arch, /, extending from side to side. Below the fire-place is an 
arched passage, < 7 , which serves for the admission of air to the fire, and 
allows the stoker to get ready access to the grate. The yertical partitions, 
are made of large single fire-tiles. A series of rectangular niches, i 
(lig. 153), correspond with the lateral arched recesses in the upper part 
of the furnace ; these are covered by cast-iron plates, with the exception 



of a small opening, through which the iron adapters of the retorts pass 
into the niches below. Flues, I, fig. 151, 153, pass along the top of the 
furnace at each side, communicating with the stack, c, at the back. 
Tliese are covered with flat, movable tiles, and communicate with the 
interior of the furnace by smaller flues, vi. The course taken by the pro- 
ducts of combustion in passing to the stack is indicated by the arrows. 

This furnace is built of common brick lined with fire-brick, the whole 
being held together by iron bracings. In each arched recess are placed 
two retorts, A (fig. 152), the open spaces around them being filled in with 
pieces of brick, well plastered over with clay, to pi-event the admission of 
air. During the working of a charge, each recess is closed by a movable 
sheet-iron plate, in which is a small peep-hole closed by a slide ; the tern- 
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perature is thus kept sufficiently high to prevent the solidification of zinc 
in the nozzles. The condensed zinc is conveyed by adapters into the 
recesses, t, where it is received in iron trays. The retorts or muffles, which 
are each about 3 feet in length, are made of a mixture of Stourbridge 
clay and the powder of old glass-pots, from which the vitreous matter lias 
been removed previously to grinding. This mixture, suitably moistened, 
is tempered by working with a heavy rammer ; and after being allowed 
to stand for a few days may be formed into retorts in moulds, capable 
of being divided longitudinally into pieces. The walls are made thicker 
towards the end furthest from the nozzle, as will be seen by reference 
to A, fig. 155. Each retort, after being air-dried during about three 



montlis, is strongly fired in an oven, heated either by a separate grate or 
by the waste heat from a distilling furnace, and is then ready for use. 
Tlie opening, n, figs. 154, 155, serves for the introduction and drawing of 
charges. This, while the furnace is in operation, is kept closed by a 
luted tile. On each side of the mouth oi the retort is a projection, o, 
supporting a bridge-piece, on which rests the clay nozzle, jt?, which is 
provided with an opening, closed during the working of the apparatus 
by a luted door, through which an iron rod may be introduced for the 
purpose of clearing the nozzle from condensed zinc. To the clay nozzle, 
a pipe, r, is fitted, and to this is attached a wrought-iron adapter, s. 

Instead of the nozzles and adapters above described, the retorts used 
for the distillation of zinc by the Silesian process are now generally 
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furnished with condensers of fire-clay and drums of sheet-iron similar to 
those employed for the pots of the Belgian furnace. 

A new furnace requires first to be air-dried for several days, and then 
heated by a gentle fire ; after some time the muffles are placed in position, 
their sides being protected from the flame by temporary walls. All 



Fig 153 — Sileaian Zinc Furnace, LUnsamlot, transverse section 


openings are now closed, and the heat i» gradually raised, until, after seven 
or eight days, the furnace has become sufficiently hot for charging. The 
protecting walls are now removed, and the spaces between the muffles 
«iiid the openings in the front are closed by pieces of brick plastered with 
clay. Three or four light charges are woiked off before the retorts are in 



a condition to receive full ones ; new retorts always absorb a considerable 
quantity of zinc. 

The ore treated in these furnaces is either blende or calamine ; in 
either case it is previously calcined. When the former is used, it is in 
the state of a fine powder, whilst tlie latter is introduced into the retorts 
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in pieces of nearly the size of peaa The charge for a furnace containing 
twenty-four retorts consists of about 1,500 lbs. of calcined ore, together 
with 100 to 150 lbs. of skimmings or dross, and about 7 cwts. of a mixture 
of coal and the fine cinders which fall through the bars of the grate. 
This mixture is not equally distributed amongst the retorts, those 
nearest to the grate receiving a somewhat larger amount than those 
furtlier removed from it. Before charging a furnace which is in regular 
work, the clay door, 7^, beneath the nozzle, is removed, as also is that 
closing the orifice, q; the spent charge is then raked out, and the nozzles 
freed from any condensed zinc. The retorts are re-charged through the 
orifice, 7^, by the aid of a sheet-iron scoop ; the cleaning and re-charging 
usually occupies from three to four hours, two men being employed in 
the operation. Before and during the time of charging, the fire is allowed 
to burn somewhat low, but afterwards the heat is gradually raised nearly 
to incipient whiteness. When a furnace has been charged and all leaks 
have been stopped, one man only is required to look after it and attend 
to the firing during the night. A uniformly high temperature must be 
kept up, and the condensers require frequent attention, since, should they 
get too hot, the zinc in them would take fire; when this occurs, the doors 
closing the recess must be taken down, and not replaced until the tem- 
perature has become sufficiently lowered. On the other hand, should 
the condensers get too cold the zinc in them solidities, and must be 
removed by the introduction of a heated iron rod. A considerable loss 
of zinc is sometimes occasioned by cracks in the retorts ; these must be 
immediately stopped by brushing them over with a mop previously 
dipped into a mixture of water and fire-clay. 

The ore treated at Llansamlet was an argentiferous blende, very finely 
ground, and subjected to a careful roasting during twenty-four hours \ 
the silver was extracted by a special process, and from the residue zinc 
was distilled. 

The loss experienced during the calcination of the ore and the 
reduction of the zinc to the metallic state is said to have been unusually 
small ; the greater portion of the zinc lost being retained in the residues. 
At the Llansamlet W orks 1 1 1 tons of coal were necessary for the pro- 
duction of 1 ton of zinc, at a cost for labour of about 2s. 8d. per cwt. of 
the metal obtained. This must, however, vaiy, since a given weight of 
zinc can be more cheaply extracted from a rich ore than from a poor one. 

A furnace may be kept in continuous operation from twelve to thir- 
teen months, at the expiration of which time, it requires to be let out for 
repairs. Every four years each furnace must be taken down as far as the 
grate, and rebuilt. 

The zinc obtained by this process required to be re-melted before it 
was ready for the market. It was fused in an iron pot set in brickwork 
over a properly constructed fire-place ; this pot usually contained about 
8 cwts. of metal, which was melted down in from half to three-quarters 
of an hour, the surface being covered with a mixture of oxide of zinc 
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and finely divided metallic zinc. This was skimmed off and added to 
the next charge to be again subjected to distillation. The zinc obtained 
was tolerably free from impurities, with the exception of lead, which 
may to a considerable extent be separated by allowing the fused metal 
to cool nearly to its solidifying point before being laded into moulds ; 
the lead, on account of its higher specific gravity, thus falls to the 
bottom, and the greater portion of it will be found in the last ingot. 
The ingots containing lead were put aside until a sufficient number had 
accumulated, when they were re-melted and the heavier metal allowed 
to settle. In Silesia the crude zinc is melted in clay vessels, in order 
that it may not be contaminated by contact with iron. 

Modem Silesian zinc-furnaces arc frequently heated by gas and pro- 
vided with regenerators in accordance with the Siemens system. In 
such cases the brickwork of the regenerators is built unusually open to 
allow for the deposit of zinc oxide, which always takes place in them 
srom the breaking of retorts. The newer furnaces likewise often contain 
two series of retorts placed one above the other. 

The ore is less finely ground than for the Belgian process, and is 
mixed with only one-third its weight of coal-dust. The operation usually 
lasts twenty-four hours, but sometimes extends over a longer period. 
With the old system of heating by coal the retorts lasted from forty to 
forty-five days, but in furnaces for which gas is employed their average 
duration is seventy-five days. 

The cost of treating 1 ton of roasted ore may be reckoned at 75 f. 
50 c., but the loss of metal is said to be slightly greater than with the 
Belgian furnace. The Silesian process is specially adapted for the 
treatment of poor zinc carbonates. 

A lai^e portion of the zinc annually produced is employed in the 
form of thin sheets. For this purpose it is necessary to re-melt the 
ingots, obtained by the treatment of zinc ores as above described. This 
is effected in a reverberatory furnace with an elliptical hearth, having a 
slight inclination towards one side. At tlie lowest point of the hearth is 
a hemispherical reservoir in which the fused metal is collected ; the 
ingots to be re-melted are introduced through one of the doors and piled 
near the fire-bridge on the highest part of the hearth. The fused zinc is 
dipped out of this in iron ladles, and is poured into moulds which give 
it the form of slabs or plates suitable for rolling. These plates are sub- 
sequently re-heated in a second furnace built in the same mass of brick- 
work as tlie first, and heated by the waste gases escaping from it. Here 
they are elevated to a temperature not much exceeding 100® C., at which 
the metal is most malleable, and are then passed through the rolling- 
mill, by which they are reduced to the form of sheets. 
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SODIUM. 

Sodium was first isolated by Davy in the year 1807. It has a high 
lustre and a silvery- white colour, but light which has been repeatedly 
reflected from bright surfaces of this metal acquires a distinctly rosy tint. 
Its specific gravity at 15“ C. is 0*985. Sodium is soft at ordinary tempera- 
tures, melts at 97*6“ C., and oxidizes in the air. When placed on the 
surface of cold water it rapidly decomposes that liquid, but seldom takes 
fire unless the movements of its fragments are in some way restrained. 
With hot water it instantly takes fire, bums with a bright yellow flame, 
and a solution of soda is the result. Sodium is an abundant and very 
Avidely diffused metal occurring in vast quantities, as chloride, both in 



Fig. U6 — Preparation of Sodium. 


rock-salt and in sca-Avater, besides being present in salt-lakes, and in the 
waters of numerous mineral springs. It also occurs, though less plenti- 
fully, in various natural deposits in the form of sodium borate, sodium 
sulphate, and sodium nitrate. Glauberite, a natural douhl(‘ f^uljiliate of 
sodium and calcium, forms extensive deposits in some parts of Spain and 
elsewhere, while many common and abundant minerals contain sodium as 
one of their essential constituents ; it is present in albite, oligoclase, and 
various other felspars, as well as in natrolite, analcimc, harmotome, and 
other zeolites. Sodium salts, in small quantities, are i)rescnt in coal, and 
there are but fcAV rocks, either eruptive or sedimentary, wliicli do not 
contain traces of this elennuit. 
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METALLURGY OF SODIUM. 

By Deville's process, by which the most satisfactory commercial 
results are obtained, the preparation of sodium is conducted in an 
apparatus of which fig. 156 is a longitudinal section, partly in elevation. 
The retort, a, is a cast- or wrought-iron tube 3 feet 9 inches in length, 
having an internal diameter of 5| inches and a thickness of J inch, covered 
exteriorly with clay. This is cliarged with a thoroughly incorporated 
mixture of 100 parts dry sodium carbonate, 45 parts of finely-ground coal, 
and 25 parts of chalk. 

The receiver is a small cast-iron box opening along its centre and kept 
together by wrought-iron clamps ; this is placed vertically, so that while 
the uncondensed products of distillation escape by the opening, 5, into 
the air, the condensed sodium flows through the aperture, h\ and falls 
into a vessel, c, containing naphtha oil.^ The charge is introduced at cf, 
which can be closed by a luted stopper, in the form of cartridges made 
up in thick brown paper, so that when exhausted another charge may 
replace it without dcday. The mixture employed should on an average 
yield from 28 to 30 per cent of sodium. 

If the process has been conducted satisfactorily, the metal produced 
is almost chemically pure, but nevertheless small quantities of somewhat 
impure sodium always remain adhering to the surfaces of the receivers. 
When, therefore, a receiver has been once used, it should be opened and 
well scraped before being again employed. The impure metal thus 
scraped from the receivers is collected under naphtha and added to a 
subsequent charge of the retort. Lastly, the pure metal obtained by 
distillation is melted under naphtha, which is poured off as soon as the 
sodium is thoroughly liquid, and then run into moulds. 

Sodium is ])rincipally employed in the preparation of aluminium, and 
an amalgam of this metal 'with mercury has been recommended for the 
treatment of certain gold ores. 

Potassium is prepared nearly in the same way as sodium, but the 
retort employed is usually shorter than that used in the preparation of 
the latter metal, and has one end hermetically closed. The required heat 
is very considerable, and it is consequently found advantageous to sprinkle 
the retort, while still hot, with borax, in order to protect it from oxida- 
tion. The material operated on is either a mixture of charcoal and 
potassium carbonate, obtained by calcining argol in a close vessel, 
with the addition of a little chalk, or a mixture of 100 parts potassium 
carbonate, 20 parts of carbon, and 14 parts of chalk. When the retort 
has attained a red heat metallic vapours begin to be given off, and take 
Are when they come in contact with the air. The receiver is then put 
on, and while carbon monoxide burns at the end metallic potassium is 

1 Bdttgor rocommeuds for this purpose a saturated solution of pure naphthaline in 
petroleum. 
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condensed within. After the expiration of half an hour the receiver 
becomes filled with potassium, and is cooled in a hydrocarbon hath, while 
a fresh receiver is fitted to the retort. 

The crude potassium obtained is filtered by being wrung through 
a cloth saturated with naphtha, heated to 60° C., and the metal thus 
separated is re-distilled in a retort provided with a neck dipping into 
naphtha. 


ALUlvriNIUM. 

Aluminium is a white metal, possessing a colour between that of 
silver and zinc. It is extremely malleable and ductile, and does not require 
frequent annealing during the operations of rolling or drawing into wire. 
Its specific gravity varies from 2*56, when obtained by fusion, to 2*67 
after hammering. The melting point has not been determined exactly, 
but is estimated at about COO® C., between that of zinc and silver. 
Aluminium is slightly magnetic, and conducts electricity eight times 
better than iron. This metal, when pure, is not acted on by moist air, 
but slowly decomposes steam at a strong red heat ; it is not attacked 
by cold nitric acid, and only slowdy on boiling ; dilute sulphuric acid 
has no effect upon it, but it is readily dissolved by hydrochloric acid 
with evolution of hydrogen. It is not attacked by sulphuretted hydrogen 
or even by sulphide of ammonium, and consequently preserves its colour 
in an atmosphere in which silver would rapidly become blackened. The 
vegetable acids exert no perceptible action on aluminium, and this metal 
is consequently well adapted for culinary vessels, j)articularly as any 
small quantities of alumina which might be formed would be perfectly 
innocuous. The hydrates of potassium and sodium, in a state of fusion, 
do not act upon aluminium, but their aqueous solutions dissolve it 
readily with formation of alurainate of potassium or of sodium and 
evolution of hydrogen. It may be fused without any kind of flux, and 
may be readily cast into any required form. When deposited from its 
solutions by electrolysis at low temperatures, it crystallizes in octahedra 
which appear to belong to the cubic system. Aluminium heated in 
a close vessel does not exhibit the slightest tendency to volatilize; it 
combines with sulphur at very high temperatures only, and is acted on 
but slightly by ammonia. Pure aluminium, even at high temperatures, 
is not sensibly affected either by air or by oxygen, and oxidizes very 
slowly, even before the flame of the oxy-hydrogen blowpipe. If, how- 
ever, silicon be present, the metal bums rapidly, with formation of 
silicate of aluminium. Aluminium may, without oxidation, be fused 
under a layer of nitre, and from its physical and chemical properties may 
be regarded as occupying an intermediate position between the noble and 
the ordinary metals. Up to the present time aluminium has not found 
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tho extensive application for which its properties would appear to fit 
it. Its chief use is for the manufacture of aluminium bronze, and for 
making various ornamental objects. 

Although minerals containing aluminium are perhaps more numerous 
and abundant than the ores of any other metal, they are mostly decom- 
posable with great difficulty, and a very few only can be considered as 
ores of aluminium. These are — Corundum or emery, the commoner 
form of native aluminic oxide ; bauxite, a natural aluminic hydrate ; 
and cryolite, a double fluoride of sodium and aluminium, which is found 
in considerable quantity at Arksut-fiord in Greenland, and contains 13 
per cent, of aluminium. 

The estimation of aluminium is elfected by the method already 
described for the separation of alumina in the analyses of iron ores. 
It is invariably weighed as AI 2 O 3 , which contains 53*2 per cent, of 
aluminium. 


METALLURGY OF ALUMINIUM. 

This metal was first obtained in 1827 by Wohler in tho form of a 
grey powder, by the reduction of its chloride by potassium, and some 
years later he succeeded in preparing it in the form of small globules. 
The reduction of this metal has not hitherto been accomplished except by 
the aid of electrolysis, or of one of the metals potassium or sodium, which 
have a greater affinity for chlorine and fluorine than has the aluminium 
with which they are in the first instance combined. In practice, sodium 
is invariably employed to eflect this decomposition, partly on account of 
its greater cheapness and steadiness of action, and partly because its lower 
atomic w^eight enables it to perform a larger amount of work than an 
equal weight of potassium. 

Oersted first prepared aluminium chloride by exposing an intimate 
mixture of alumina and charcoal at a high temperature to the action of a 
current of chlorine. The chloride of aluminium formed, volatilized, and 
was collected in a suitable receiver ; this he mixed with potassium amal* 
gam, and on subjecting the mixture to heat, potassium chloride was 
formed, and aluminium combined Avith the mercury ; this last was expelled 
by distillation, and a button of aluminium remained behind. The method 
of preparation at present adopted is in principle the same as that employed 
by Wohler, and depends on the action of sodium at a red heat on the 
cUoride or fluoride of aluminium, or, still better, on the double fluoride 
of aluminium and sodium. 

Wo are largely indebted for our knowledge of aluminium to H. 
Sainto-Claire Deville, whose first researches were published in 1854. The 
process he originally employed consisted in passing the vapour of chloride 
of aluminium over metallic sodium maintained at a red heat in a tube 
either of copper or iron. Metallic aluminium Avas thus obtained, mixed 
with chlorides of aluminium and sodium, which Avere removed by wash- 

2 L 
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ing with hot water. The globules of aluminium were consolidated by 
heating to the melting point and applying pressure. The metal thus 
obtained was subsequently re-melted and cast into bars. 

The reduction of aluminium may be eflfected in an earthen or an iron 
crucible in the following way : 40 parts of the double chloride of alumi- 
nium and sodium, 20 parts of chloride of sodium, 20 parts of fluor-spar 
or cryolite, the latter being preferable, all finely pulverized and perfectly 
dry, are placed with from 7^ to 8 parts of sodium, in alternate layers, in 
the crucible, and the whole gradually heated until reaction begins to take 
place ; the heat is now increased to bright redness, and the fused mass, 
after being well stirred with an iron rod, is poured into a mould. By 
this process four-fifths of the aluminium reduced may be obtained in a 
compact mass, and one-fifth in the form of divided globules enclosed in 
the resulting slag. The metal thus prepared is somewhat contaminated 
by silicon derived from the crucible, which is more or less attacked by 
the sodium and aluminium, as well as by the fluorides present ; this may 
be, to some extent, obviated by lining it either with calcined alumina 
or with aluminate of calcium. When iron crucibles are employed, the 
aluminium produced is always found to contain a certain amount of that 
metal. 

When large quantities are operated upon, the reduction is conducted 
in a reverberatory furnace ; a mixture of 10 parts of the double chloride 
of aluminium and sodium and 5 parts of either fluor-spar or cryolite is 
heated with 2 parts of metallic sodium. The double chloride and the 
cryolite, or fluor-spar, are mixed in the state of fine powder wdth sodium 
in small ingots, and the whole is charged upon the bed of the furnace, 
which has been previously heated to the required temperature. An intense 
reaction takes place, a large amount of heat being develo|>ed, and the 
complete liquefaction of the mass is effected. As soon as the reaction is 
complete, the furnace is tapped in the usual way and its contents run 
off into a receiver prepared for that purpose. The slag thus obtained 
separates into two layers, of which the upper consists, to a large extent, 
of common salt, while the lower one, which is less fusible, chiefly consists 
of fluoride of aluminium. On pulverizing and sifting the latter, an addi- 
tional amount of aluminium is obtained in the form of flattened shot ; 
the fluoride of aluminium may l>e subsequently employed for the prepara- 
tion of alumina. This process, which was patented in France and in this 
country by !MM. Rousseau Fr^res and M. Paul Morin, is advantageous, 
inasmuch as the reduced metal is but little contaminated by silicon. 
The mixture at present employed in the works at Salyndres in France 
consists of double chloride of aluminium and sodium 12 parts, cryolite 5 
parts, and sodium 2 parts. 

The double chloride is obtained from bauxite after calcination with 
sodium carbonate, extraction with water, and evaporation to dryness, 
which gives aluminate of soda (BXajO.AlgOa). This is converted by 
hydrochloric acid into alumina an<l sodium chloride, and finally into the 
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double chloride by mixing the latter products with charcoal, and strongly 
heating them in a current of chlorine. 

In preparing aluminium from cryolite (NaeAlsFu or CNaF.AljFe), 
which occurs somewhat abundantly in West Greenland, the pulverized 
mineral is mixed with half its weight of common salt, and the mixture 
arranged in alternate layers with sodium in an earthen or iron crucible ; 
the proportions employed being 2 parts of sodium to 5 of cryolite. A 
layer of pure cryolite is placed on top, and the whole is covered with 
common salt. The crucible and its contents are heated until complete 
fusion of the mass has been effected, when it is well stirred with an iron 
rod and set aside to cool. On breaking the pot, the aluminium will be 
found accumulated at the bottom in the form of large globules, which are 
collected and re-melted. This is the process as originally practised by 
Professor BL Rose in Berlin, and by Dr. Percy and Mr. A. Dick in this 
country ; and subsequently conducted on a manufacturing scale by MM. 
Tissier, at Amfreville, near Rouen. 

Aluminium unites readily with most of the metals ; with zinc and tin 
it forms brittle alloys ; with iron it unites in all proportions, forming 
alloys which are both hard and brittle. When iron is present to the 
amount of 7 to 8 per cent, its alloys crystallize in long needles. Alloyed 
with even a small proportion of silrer, aluminium loses its malleability. 
An alloy of aluminium with 3 per cent of silver is employed for casting 
ornamental articles ; it possesses the colour and lustre of silver, and is 
not blackened by sulphuretted hydrogen. Aluminium-hronze is an alloy 
of aluminium and copper ; it has the colour of gold, is extremely hard, 
and takes a fine polish. It is very malleable, and possesses a tenacity 
nearly equal to that of mild steel. 

In ^lessrs. Cowles’ process of making aluminium alloys a mixture of 
emery, carbon, and granulated copper is subjected to the current of a 
very powerful dynamo-machine in a horizontal fire-brick chamber, whose 
walls are protected by making a central core of the ore and coarsely 
powdered gas carbon, while the sides and bottom are packed with fine 
charcoal. The current is led through the central core by carbon elec- 
trodes connected with the ends of the chamber. When the furnace is 
charged it is covered with fire-clay slabs, with perforations for the escape 
of gases, and luted with clay at the joints. A few minutes after starting 
the dynamo, carbonic oxide flames stream out of the openings, and com- 
plete reduction is effected in about an hour. The product is a ricli 
aluminium-copper compound, from which the ordinary alloy known as 
aluminium-bronze may be made by re-melting with the necessary amount 
of copper. 
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MAGNESIUM. 

Magnesium is a metal of a silvery-wliito colour, malleable, ductile, 
and readily bled and polished. In many of its physical and chemical 
characteristics it closely resembles zinc, near the boiling point of which 
it fuses, and at a somewhat higher temperature can be distilled in an 
atmosphere of hydrogen. 

Its specific gravity is 1*74, it crystallizes in octahedra, and its hard- 
ness is about equal to that of calcite. At ordinary temperatures mag- 
nesium remains unaltered in dry air or oxygen, but in a moist atmosphere 
it quickly becomes covered with a film of hydrate of magnesium. Heated 
to redness in the air it takes fire and burns with an exceedingly brilliant 
bluish-white flame with production of flocculent magnesia. Heated in 
watery vapour it becomes ignited, decomposes cold water slowly, but 
caidulated water very rapidly. If thrown into hydrochloric acid it is 
ccted on so energetically as to cause combustion, although strong sulphuric 
acid dissolves it slowly with evolution of sulphurous anhydride. When 
heated in chlorine gas or in tlie vapour of iodine it burns, as it does also, 
although with less facility, in the vapours of iodine and sulphur. Mag- 
nesium likewise unites with nitrogen, forming a transparent crystalline 
nitride which has a composition represented by the formula MgjNo. 
Alkaline and ammouiacal solutions, when cold, have no action upon this 
metal. 

The liglit of burning magnesium being exceedingly rich in chemical 
rays, is often used for the production of photographs of the interior of 
mines, caves, and similar places inaccessible to the sun^s rays. For this 
purpose a lamp is employed which, by a clockwork arrangement, supplies 
a magnesium ribbon as fast as it is consumed in the focus of a concave 
silvered reflector. 

Magnesium occurs most abundantly in serpentines and in dolomite, 
which is a double carbonate of calcium and magnesium, as well as in 
various complex hydrated and anhydrous silicates. Brucite, a natural 
hydrate of magnesium (MglljC K), is found associated with serpentine in 
Shetland, Sweden, the Umls, <fcc. Among the most important magnesium 
minerals are olivine, augito, hornblende, talc, meerschaum, and the 
principal members of the mica group. ^lagnesium is also present in sea- 
water, and in the waters of numerous mineral spring'*, as well as forming, 
chiefly in the state of carbonate and phosphate, essential constituents of 
plants and animals. 

METALLURGY OF MAGNESIUM. 

By the process of Deville and Caron, which is founded on the reaction 
of so^um upon chloride of magnesium at a red heat, magnesium may be 
prepared on a manufacturing scale. Chloride of magnesium is prepared 
by the method adopted by Liebig, >vhich consists in evaporating together 
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a solution of magnesium chloride and sal-ammoniac. The dried residue 
is heated in a crucible until the whole of the ammoniacal salt has been 
expelled and the anhydrous magnesium chloride has become fused. It is, 
liowever, desirable that the mixed chlorides should be treated in a crucible 
which has been previously heated, in order that the operation may occupy 
the least possible time. When fused and in a perfectly liquid state, the 
magnesium chloride is poured on a clean plate of polished iron, leaving 
behind in the crucible a skeleton of infusible magnesia. 

Fluoride of calcium is employed as a flux, but this is purified before 
being used. Crystallized fluor-spar is finely powdered in a mortar, and 
subsequently moistened with strong sulphuric acid, which, after the expi- 
ration of several days, is removed by repeated washings with distilled 
water. Silica and phosphoric acid are thus removed, while the residue, 
after having been heated to incipient redness, is ready for use. 

To obtain magnesium, 150 parts of the anhydrous chloride of that 
metal, 120 of purified fluor-spar, and 56 of sodium, dried and cut into 
cubes of I to ^ inch, should be intimately mixed. This mixture is placed 
in a red-hot clay crucible surrounded by incandescent coke in an ordinary 
wind-furnace, and, as soon as it has been introduced, the pot must be 
closed by a cover, kept in its place by a red-hot fire-brick, as long as the 
reaction continues. When this, w’hich occupies a few minutes only, has 
terminated, the crucible contains a liquid mass, consisting of a mixture 
of common salt, magnesium chloride, and calcium fluoride, through which 
are disseminated numerous globules of magnesium. This is briskly stirred 
with a stout iron rod, and the crucible, which is now removed from the 
lire, is allowed to cool during a few minutes. When sufficiently cold, 
small quantities of dry pulverized calcium fluoride are successively added, 
while the stirring of the mass, which gradually becomes pasty, is con- 
tinued. By these means the small globules of magnesium are united 
into larger ones, and if the operation has been skilfully conducted, they 
finally become nearly all collected in a largo button, which, on the cooling 
of the mass, is found occupying the upper portion of the saline scoriae. 
Finally the crucible is broken, and the lai^e button as well as a few 
smaller ones separated from the slags. The magnesium obtained should 
weigh about one-sixth of the weight of the anhydrous magnesium chlo- 
ride employed, or about three-fourths of the total theoretical yield. 

Instead of the before-mentioned mixture the following may be sub- 
stituted, namely, GOO parts of anhydrous chloride of magnesium, 100 of 
Wbhler^s flux, consisting of a mixture of tlio chlorides of sodium and 
potassium in equivalent proportions, 100 of pure fluoride of calcium, 
and 100 of sodium. 

This is placed in a red-hot crucible, and the operation conducted as 
before described, except that fluoride of calcium is not added during 
cooling. 

To convert the metallic magnesium into ingots, the buttons, after 
being cleaned by nitric acid, must be introduced into a hot crucible with 
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a quantity of Wohler’s flux, and the whole rapidly fused. At first the 
metal floats on the surface of the slags, but at the moment of their 
solidifying the magnesium becomes more dense than they, and sinking 
to the bottom of the crucible is united in one button. The metal thus 
prepared is impure, containing carbon, silicon, and nitride of magnesium. 

In order to remove these impurities it must be distilled in a tube 
made of gas-retort carbon enclosed in another of refractory clay well 
glazed on the inside. The space between these tubes, which should not 
be too great, is filled with fine sand, and is luted at the two ends wuth 
clay. The tubes thus arranged are enclosed in an inclined position 
across a small furnace of refractory clay, with the two ends projecting 
rather more than six inches on eitlier side. The ends are stopped with 
corks carrying suitable glass-tubes, hydrogen entering by the upper end, 
and escaping by the lower one. In the centre of this carbon-lined tube 
the crude magnesium to be distilled is placed in a vessel hollowed out of 
a piece of retort carbon ; hydrogen is introduced, and the tube is heated 
to incipient whiteness. The distillation of the mehd, which is con- 
densed in the lower portion of the tube projecting beyond the furnace, is 
indicated by the brilliancy of the flame of hydrogen issuing from the 
escape tube. 

Gratzel’s methoil, which has l^een in use for about two years in 
Berlin, depends upon the electrolysis of carnallite (KCl.MgClj* BHjO, 
containing 34*2 per cent, of magnesium chloride). This, when perfectly 
dehydrated and melted in a crucible, is subjected for about thirty-six 
hours to the action of a current of modemtely high tension from a 
dynamo, one of the terminals being connected with the crucible, while 
the other is plunged into the molten salt. The reduced magnesium 
separates in globules through the carnallite flux, and when collected and 
re-melted gives a chemically pure metal, which is sold in various forms, 
but more particularly as a fine powder for lirc-work making. A small 
addition of magnesium to melted nickel is found useful in producing 
sound castings. 


MEKCURY. 

Mercury, or quicksilver, differs from other metals in being liquid 
at ordinary temperatures. It has a silve -white colour, with a strong 
metallic lustre, and when quite pure is not tarnished by exposure in tlie 
cold to a moist atmosphere. If, however, other metals are present, 
oxidation is rapidly set up, and the surface of the bath becomes covered 
by a grey powder. This metal is solid at a temperature of - 40* C., 
and is then both ductile and malleable. In higli latitudes the cold is 
sometimes so intense as to cause the congelation of mercury ; a similar 
result may be readily obtained by a freezing mixture of ether and solid 
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carbonic anhydride. The same effect is also produced hy a mixture of 
pounded ice and crystallized calcium chloride. If a rather large quantity 
of mercury be placed in a platinum dish, and gradually exposed to a 
proper refrigerating mixture, distinct crystals are obtained. The mercury 
in this case becomes solid around the sides of the vessel, and on pouring 
out the portion which still retains its liquidity, brilliant crystals, belong- 
ing to the cubic system, are found coating its sides. Considerable con- 
traction takes place at the moment of congelation ; for while its density 
at 0® is 13 ’59, that of frozen mercury is 14*4. Mercury boils at 350® C., 
and is distinctly volatile at all temperatures above 19° C. The latter 
property is readily shown by suspending a sheet of gold leaf in the 
upper part of a bottle in the bottom of which a little of this metal 
has been placed. On removing this arrangement to a cool place, and 
allowing it to remain a few days without being disturbed, that part of 
the gold which is nearest the surface of the mercury will be found to 
have become whitened by its vapour, while that portion of the sheet 
which is in the highest part of the bottle remains unaltered. 

The mercury of commerce, when it comes directly from the furnace, 
is in most instances nearly pure, but is sometimes contaminated by hold- 
ing small quantities of other metals in solution. With a view to the 
separation of these impurities mercury is often distilled from an iron 
retort, and again condensed in a vessel containing cold water. For this 
purpose one of the wrought-iron bottles in which quicksilver is imported 
may be conveniently employed. One of these, after being about half 
filled with the metal, should have screwed to it a piece of iron gas-pipe 
bent nearly at right angles, and furnished at its outer extremity with a 
covering formed of several layers of linen or cotton cloth, the end of 
which is made to dip into a basin of cold water. The open extremity of 
the iron pipe, together with the piece of linen hose attached, is moistened 
by a constant stream of cold water, which is made to flow upon them 
through a small stop-cock, and the iron bottle is heated in a furnace 
until vapour of mercury begins to bo plentifully given off. The ebulli- 
tion of the metal is sometimes attended with explosions, and care must 
be taken to so regulate the heat as to prevent the projection of any part 
of the charge through the iron tube into the receiver. By operating in 
this way, the greater portion of the foreign metals will be retained in the 
retort, whilst the mercury passes over in a purified state into the vessel 
containing cold water. A certain portion of the impurities is, however, 
generally carried over into the receiver ; and consequently, when a pure 
specimen is required, their separation should be effected by some other 
means. The best method of doing this is to treat the mercury to be 
purified with nitric acid diluted with twice its volume of distilled water. 
The whole is then heated to about 50* C., and mercuric nitrate will be 
formed. The more oxidizablo foreign metals present react on the latter 
salt, and are removed in solution as nitrates. Any oxide of mercury 
present is also dissolved by the nitric acid, with formation of mercuric 
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lutrate* The action is continued during twentj^onr honn^ and the 
mixture occasionallj agitated* 

Lastly, the water is separated by decantation, and the nitrate obtained 
in a crystalline iorm by concentrating the solution. The metallic mercury, 
after being washed with distilled water, is dried first with bibulous paper, 
and subsequently by exposure under a bell-glass to the desiccating influence 
of caustic lime. 

AMien mercury is merely soiled by a slight admixture of oxide, it 
may be cleaned by bnsk agitation in a glass bottle with a small quantity 
of strong sulphuric acid. By this treatment the metal is divided into 
extremely small globules, which expose a largo surface to the action of 
the acid. At the expiration of from three to four days the acid may 
be poured off, and the purified mercury washed and dried. 

Mercury is not attacked by strong hydrochloric acid, even when its 
action is aided by ebullition. Dilute sulphuric acid likewise fails to 
dissolve it ; hut if concentrated acid he employed, it is, with the aid of 
heat, rapidly converted into mercuric sulphate, and sulj)huroiis anhydride 
is evolved. Kitric acid attacks this metal with great energy, even in the 
cold, and when moderately diluted with water, and nitric oxide is plenti- 
fully evolved. 

Mercury, both in the liquid and gaseous condition, combines readily 
with many other metals, sucli as gold, silver, zinc, tin, lead, and bismutli, 
and even dissolves them in small proportions without losing its fluidity. 
Such mercurial alloys, wliich may })c separated from excess of mercury 
and obtained in a solid state by filtration combined with pressure, are 
called amalgams. This property is extensively applied in certain methods 
of extracting gold and silver from their ores, as well as in the method 
of silvering mirrors with tia A dry tin and zinc amalgam forms the 
best exciter that can be applied to the rubbers of electrical machines. 
The great density and perfect fluidity of jmre mercury, together with its 
regular rate of expansion by heat and its high (dectric conductivity, 
render it of immense value for the construction of physical instruments, 
such as barometers and thermometers. 

Large quantities of mercury, both in the metallic state ami in the form 
of various compounds, more particularly the oxide, chloride, iodide, and 
nitrate, are used in medicine ; and there is also a very important con- 
sumption in the preparation of the artificial sulphide or vermilion, which 
is the most brilliant and permanent red colour knoAvn. Mercurous 
nitrate is sometimes used as a wash for hf.rc and rabbit skins, and gives 
the fur the property of readily felting. The bichloride or corrosive subli- 
mate is similarly used by taxidermists for preserving natural -history 
specimens. 

Mercury Ores. 

Native Quicksilver ; Mercure natif; Gediegm Quericsilher. Cubic. 
—Occurs in most mines producing mercurial ores. It is usually dis- 
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ftemmated m small g\o>)\ile8, sometimes loecomes so acemuki^ *m 

cavities as to admit of being collected in considerable quantities. 

CiNNABAB ; Sulphide op Mbbcdrt ; Cindbre ; Zinnoher. Hexa- 
gonal — ^This substance, which, practically speaking, is the only ore of 
mercury, crystallizes in tabular prisms, but commonly occurs massive, 
and is distinguished by its bright-red colour and scarlet streak. Sp. gr. 
8*20. Its colour is crimson, scarlet, brownish, or orange-red; lustre semi- 
metallic, or adamantine. It is sectile, and in most instances nearly 
opaque. 

Its composition is expressed by the formula HgS, corresponding to 
mercury 86*2 and sulphur 13*8 per cent. Cinnabar mostly occurs in 
connection with sandstones, talcose, carbonaceous, and argillaceous schists, 
or in limestones ; it is not found in large quantities in crystalline or 
igneous rocks. When the ores of mercury are met witl in stratified 
rocks they are often found in the form of veins or lodes ; but when, as 
is frequently the case, the matrix is sandstone, they are commonly dis- 
seminated in minute grains through the mass. 

Mdacinnahar^ a black amorphous sulphide of mercury of the same 
composition as but of lower density than the crystallized variety (7*7), 
is found associated with cinnabar in some Californian and Mexican 
localities. 

Mercurial fahlerz ot totrahedrite, found at a few localities in Tyrol 
and Hungary, contains mercury up to a maximum of about 17i per cent. 

Native Calomel ; Mercure chlorim' : Q)tec1mlher-Horn€rz, Tetra- 
gonal. — Colour w’hite ; lustre adamantine. Sp. gr. 6*48. Occurs at 
Moschellandsbei'g, in the Palatinate, coating the cavities in a ferruginous 
ganguo, associated with cinnabar ; also at the quicksilver mines of Idria 
in Carniola, at Almaden in Spain, Ac. Ponnula, HgCL Chlorine, 
15*10; mercury, 84*90. 

Coccinitej found sparingly in Mexico, is an iodide of mercury. 

Onofrite. — A sulpho-selenide of mercury from San Onofre, Mexico. 

Ammiolite contains antimonate of copper and sulphide of mercury. 
A specimen of this mineral from Chili, analysed by Kivot, contained 14*8 
per cent, of tellurium. 

PlSTlUBUTION OF MeRCURY OrES. 

The ores of mercury are very unequally distributed, being confined 
to a comparatively small number of localities, in some of which they 
occur in considerable abundance; nearly the whole of the metal furnished 
to commerce is consequently supplied by but a few mines. The geo- 
logical range of these ores is exceedingly wide, as they are found in 
ancient as well as in the most modern formations. Some of the principal 
European mines of this metal are worked in rocks of Silurian age, while 
those enclosing the celebrated deposits of New Almaden in California 
belong to the Cretaceous period. In proof of the very modem origin of 
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certain deposits of cinnabar, it may be stated that the fumaroles, at the 
Sulphur Bank near Clear Lake, in California, are at the present time 
depositing sulphide of mercury, together with various other minerals. 

The vapours and gases issuing from the different crevices appear to 
be the agents by which the minerals now in course of deposition are 
brought to the surface. Sulphur is being condensed on the sides of 
many of the fissures, either in crystalline groups, as stalactites, or as 
translucent amorphous masses. This substance is sometimes intimately 
mixed with cinnabar, and more frequently with minute crystals of iron 
pyrites ; or with pulverulent silica, often blackened by a tarry hydro- 
carbon. On the sides of many of the cavities gelatinous silica is deposited, 
coating chalcedony and opalescent silica in various stages of formation, 
varying from the gelatinous state to that of the hardest opal. This silica 
is sometimes colourless, but is more frequently permeated by cinnabar 
and iron pyrites, or is blackened by the tarry matter before mentioned. 
When the bituminous matter occurs in large quantity cinnabar is 
often replaced by globules of metallic mercury. Some of the silica 
intermixed with specimens from this deposit was, wlieii first broken, 
so soft as to easily receive the impression of the ling(*r-nail, but on 
reaching England it had assumed the hardness and appearance of ordi- 
nary chalcedony. 

An analysis (in duplicate), made in 1873, of a specimen of this de- 
posit, brought by the writer from Clear Lake in 1866, afforded the 
following results : — 
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The Sulphur Bank lias been extensi^ ely worked as a ({uicksilver 
mine down into rocks of Cretaceous age. 

Ores of mercury liave been found in several localities in France, ])ut 
they do not occur in sufficient quantities to admit of being profitably 
worked. The mercury mines of Khenish Bavaria were formerly of con- 
siderable importance, and up to the beginning of the seventeenth century 

* Gives, with the combined water, the formula, 8102* H 2 O. 

3 Dissolved out by carbon disulphide. 
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afforded from 150,000 to 180,000 lbs. per annum, but have now almost 
ceaaed to be worked. 

At Idria, in Camiola, mines of mercury have been in operation for 
several centuries, and are still of some importance ; the ore, which is cinna- 
bar, associated with a little native quicksilver, is disseminated in shale 
and black limestone of Triassic age. The yield of quicksilver from these 
mines was in 1877, 837,960 lbs.; in 1878, 791,015 lbs.; and in 1882, 
836,000 lbs. 

Bohemia formeily produced mercury in small quantities, and Hun- 
gary still furnishes a small amount. Cinnabar has been recently dis- 
covered in Servia. 

The mercury mines of Spain are the most important in Europe, the 
principal workings being in the neighbourhood of the town of Almaden, 
in Mancha, between Badajoz and Ciudad Real, in the centre of a 
series of deposits about ten miles in length, extending from Chillon to 
Almadenejos. Pliny asserts that the Greeks procured vermilion from 
the mines of tliis district 700 years before the Christian era, and accord- 
ing to the same authority they annually yielded to the Romans 100,000 
lbs. of cinnabar. The mines of Almaden, now above 1,000 feet in depth, 
are opened upon three nearly vertical beds of granular quartzite or sand- 
stone, associated with Silurian schists and an altered rock locally called 
fraylescay which forms a belt between the stratified and the eruptive 
rocks. Two of these beds are each about 10 feet and the third 20 feet 
in average thickness ; they follow the flexures of the enclosing rocks, and 
in one place come together, forming a mass about 45 feet wide. The 
cinnabar is diffused with considerable uniformity through the quartzite 
matrix, giving it the appearance of a bright red rock. The average yield 
of the ore is from 7 to 10 per cent., but on account of the nature of the 
metallurgical processes employed the loss of mercury is large. The 
average annual yield of quicksilver at Almaden during the last ten years 
has been 36,000 flasks, or about 1,242 tons. Since the year 1645 the 
mines have been worked on account of the government. 

At Ripa, in Tuscany, mercury is obtained from several veins traversing 
mica-slate ; the quantity annually produced is, however, small. 

Ores of this metal are found in numerous places in Peru, and were 
known to the inhabitants long before the invasion of that country by the 
Spaniards ; the mines of the province of Huancavelica, both as regards 
numbers and richness, are the most important Those of Santa Barbara 
have been worked since 1566; but although at one time productive, 
their annual yield is now very small. According to Humboldt, this mine 
yielded, from 1570 to 1782, 1,040,452 quintals,^ or about 43,000 tons of 
mercury ; the average annual yield was less than 6,000 quintals ; but in 
the best years it sometimes reached 10,500 quintals. From 1790 to 1845 
the total yield amounted only to about 66,000 quintals. 

Various other mines of this metal are worked in different parts of 
^ Each about 100 lbs. 
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Peru, but tliey are of loss importance and extent than tliosc of Huan- 
cavelica ; the total yield of the country was, according to Whitney, in 
1854, about 203,000 lbs., of which one-half came from the mine of Santa 
Barbara, 

Although immense quantities of mercury are consumed in ^lexico for 
the process of patio amalgamation, almost the whole of that so employed 
is imported from other countries. At the beginning of the present 
century the annual consumj)tion of mercury in Mexico amounted to 
16,000 quintals. This was furnished by the Spanish government, who 
retained the sole right of suppljdng that metal, which was chiefly derived 
from the mines of Almaden and Huancavelica. At the time of Hum- 
boldt's visit, about the commencement of the present century, only two 
mines producing mercury were being worked in the country ; one called 
the Lomo del Toro, and the other Xuestra Senora de los Dolores, yield- 
ing together only 70 to 80 lbs. per week. A mercury mine was wrought 
about the year 1844 near Guadalajam, but the results having been un- 
satisfactory, it was abandoned. 

The existence of mercury in California was known, juid works were 
established for the treatment of its ores, long prior to the first gold 
discoveries in that country. In 1845 a company was formed to M’ork 
an extensive deposit of cinnabar at New Almaden, in one of the side 
valleys of San Jos4 ; this has been a very j)roductivc and remunerative 
mine. The other mines which have been worked to any considerable 
extent are the New Idria, the Redington, Guadalupe, th(‘ Snlpliur Bank, 
Pope Valley, and the San duan. With regard to the g(H>logical position 
of the cinnabar deposits of California, it may be remark<Ml that althougli 
this mineral has been found in formations of nearly every age, as far as 
is yet known there are no large and valuable deposits oxce 2 )ting in rocks 
belonging to the Cretaceous period. 

The yield of the New Almaden mine from July 1850 to the end of 
1883 w^as 793,859 flasks, or 60,730,213 lbs. ; wliile its production during 
the latter year was 29,000 flasks, or 2,218,500 lbs. avoirdupois. The 
total production of mercury in California in the year 1883 was 46,725 
flasks, or 3,574,462 lbs. The j»resent total production of mercury in the 
world may be estimated at about 6,500,000 lbs. avoirdui>oi8. 

Assay of Mercuky Ojses. 

Distillation with Quicklime in an Atmosphere of Hydrogen. — All 
ores containing mercury, whether in the metallic state, or as oxide, sul- 
phide, selenide, chloride, or iodide, admit, after being reduced to a fine 
powder, of being assayed with considerable accuracy by distillation with 
caustic lime, in an atmosphere of hydrogen. This operation may be con- 
ducted as follows : — A tube of hard glass, a 5, of tlie diameter employed 
for making organic analyses, is drawn out at one of its extremities, in the 
way sliown in fig. 157, and in this part a bulb, B, is so blown as to be 
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between two parts of the narrowed tubing. The contraction at a is 
loosely plugged with asbestos, so as to allow of a free circulation of gas, 
while it prevents any solid matter from being drawn into the elonga- 
tion between a and li. 

Powdered quicklime is afterwards introduced into the tube, and 
slightly consolidated by pressure with a piece of glass rod, care being at 
the same time taken that the aperture be not closed ; a weighed quantity 
of the ore to be assayed is then mixed with caustic lime and deposited 
at c. When the mixture has been placed in the situation above indicated 

c a 


Fig. 157. 

the remainder of the tube is filled with lime, and its end closed with a 
perforated cork, into which a piece of small glass tubing is accurately 
fitted, Tlie prepared tube, after being tapped on the table to form a 
small space above the material, is placed in an ordinary gas combustion- 
furnace, and a current of dry hydrogen is introduced by the extremity, 
h. The part of the tube between h and c is first warmed, and the heat is 
progressively advanced in the direction of a. The mercurial ore is by 
this treatment decomposed, and the volatile metal being carried forward 
by the current of dry hydrogen, is condensed and collected in the bulb, 
B, which is carefully kept cooL A small quantity of watery vapour is 
condensed at the same time, but by a continued evolution of dry hydro- 
gen this is ultimately carried off. At the close of the experiment, w’hen 
the whole of the mercury has been condensed and the watery vapour has 
passed off, the tube on either side of the bulb, B, is cut with a sharp file, 
and the bulb itself weighed with the mercury it contains. The metal is 
then poured out, and any portions which may still adhere to the glass 
removed by washing, first wnth a little nitric acid and subsequently with 
distilled water. After being thoroughly dried, the bulb is again weighed, 
and by subtracting the weight of the empty glass from the weight first 
obtained the quantity of reduced mercury is ascertained. In conducting 
this experiment it is of importance that a large quantity of moisture 
should not be contained in the substance operated on, since by its con- 
densation in the bulb, and subsequent evaporation, a sensible amount 
of mercury is carried off. 

IJISIILLATION WITH QUICKLIME AND SODIUM BICARBONATE. — Instead 
of operating in the way above described, the following process may be 
adopted. An ordinary combustion-tube of about 18 inches in length, 
and closed at one end before the blowpipe, is filled for a short distance 
with sodium bicarbonate ; this is pushed down to the closed end, so as to 
occupy a length of about 2 inches, and a little quicklime subsequently 
introduced. The ore to bo assayed is intimately mixed with excess of 
quicklime, and then introduced into the tube, where it should occupy 
about 4 inches of the central portion ; any particles which may have 
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adhered to the mortar are removed by the aid of quicklime, and the lime 
which has been used for this purpose is likewise introduced into the 
tube. A layer of 6 inches of pure lime is placed upon this, and a loose 
stopper of asbestos is then pushed a distance of 4 or 5 inches down the 
tube ; the anterior end of the tube being finally drawn out and bent at 
a somewhat obtuse angle. A few gentle taps on the table will suffice to 
shake together the contents of the tube in such a way as to leave a free 
passage throughout its whole length. 

The tube, thus prepared and arranged, is introduced into a com- 
bustion-furnace, and its point placed in a receiving flask half full of 
water ; the point is made to rest upon the surface of the water in the 
flask in such a way that its aperture may be partially closed. The tube 
is now slowly heated from the open to the closed end, as in the case of 
an organic analysis, and the last traces of mercurial vapour are finally 
expelled by heating the sodium bicarbonate, occuj)ying a space of 2 
inches, at its closed extremity. 

'\Miile the tube still remains red hot the neck is cut off and carefully 
rinsed with a wash-bottle, transferring the rinsing-%vater to the receiving- 
flask ; the small globules of mercury that have distilled over into the 
latter are then united into one large globule by agitation, and after the 
lapse of some time the perfectly clear water is decanted or drawn off by 
a syphon, and the mercury transferred to a weighed porcelain crucible, 
from w’hich any adhering water is removed by blotting-paper. The 
mercury is finally dried over sulphuric acid under a bell jar, and the 
drying continued until its weight ceases to vary. This method, if care- 
fully executed, yields accurate results; soda-lime may be employed in 
place of quicklime for mixing with the mercurial ore, but it does not 
offer any special advantage. 

In the examination of veiy^ poor materials minute quantities of mer- 
cury may be collected by using the convex surface of a small gold dish 
filled with water as a condenser. The grey deposit so obtained is dis- 
solved off the gold by nitric acid, and may then be tested by iodide of 
potassium or other reagents. Plates of gold are sometimes used in this 
w’ay for determining the loss of mercury in the waste gases of mercury 
furnaces. 

Method employed at Iduia. — In establishments where many mercury 
assays have to l)e made daily, a small reverberatory furnace is employed. 
That used at Idria has, on one side, an iron plate with twenty-six holes 
for the insertion of a corresponding number of assays. Eight assays, 
each weighing four ounces, are taken from the charge of every furnace ; 
these are mixed with two or three spoonfuls of powdered quicklime, and 
the several assays are introduced into eight iron retorts, and placed in the 
furnace. Receivers are then attached, the space lictw^een the two care- 
fully luted, and the assays heated to bright redness ; tlie distillation is 
finished when drops of mercury are no longer deposited in the receivers. 

The distillation must be perfonned with a slowly increasing heat, and 
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care taken that a sufficient temperature is attained by every part of the 
retort. Should the mercury obtained not unite well together, it is 
simply boiled in water for a few seconds. The last remnant of ad- 
hering water is removed by blotting-paper in the usual way, and after 
drying the mercury at a temperature of about 40® C., it is transferred to 
a tared watch-glass and weighed. 

The assay is considered successful when the results of the various 
duplicates closely agree, and no undecomposed cinnabar is deposited in 
the receiver or in the neck of the retort. This method of assaying may 
be conducted with a sufficient degree of accuracy to serve either to 
control the operation of reduction, or for determining approximately the 
value of the ore ; but the results obtained are in all cases somewhat 
below the truth. The lower, however, the amount of mercury con- 
tained in an ore, the greater will be the difference between the tnie 
percentage and the assay result; even with an ore containing 5 per 
cent, of mercury, the quantity found by this method will be lower than 
that which it actually contains. Various methods have been proposed 
for the volumetric assay of ores of mercury, but none of them admit of 
general use. 


METALLURGY OF MERCURY. 

The extraction of mercury from cinnabar, which may bo considered 
as, practically, tlie only ore of tliis metal, is effected either by the oxida- 
tion of the sulphur by the air, and the volatilization of the liberated 
metal, or by the use of re-agents, with which the sulphur enters into 
combination, while the liberated mercury distils over, and is condensed. 
When cinnabar is decomposed through the oxidation of its sulphur, the 
reactions which take place are expressed by the following equation : 
HgS + 02 = SOg + Hg. When lime is present with cinnabar, and heat 
is applied, the following decompositions take place : (IIgS )4 + (CaO )4 = 
(CaS )3 + Ca804 + Hg 4 . The choice of the method adopted for the 
metallurgical treatment of mercurial ores is chiefly influenced by their 
richness and quantity, the size of the fragments, and the local cost of 
fuel and materials. When the ores are rich and the quantities to be 
treated small, the gallery-furnace has sometimes been resorted to ; but if 
the quantities are large, kilns are usually employed. Condensation is 
effected in large brickwork chambers, in clay tubes, in cast-iron pipes 
kept cool by water, and in chambers of wood and glass. 

The following are the principal methods employed for the extraction 
of mercury from cinnabar : — 

1. Decomposition of the ore hy roasting, 

a. Roasting in mounds ; applied in Hungary to the treatment of 
cupriferous ores containing mercury. 

h. Roasting in kilns or furnaces, carried on eitlier by intermittent 
operations or continuously. 



S44 


ELEMENTS OF METALLUEGY. 


c. Boasting in reverberatory furnaces, and condensing in iron pipes ; 
sometimes adopted for ’working schlich and otlier finely divided ores. 

2. Decomposititm in rtiorts by lime, 
a. Gallery of the Palatinate, 
h. Iron retorts. 

Extraction of Mercury from Cinnabar by Boasting. 

This method of extracting mercury from its ores is cheaper, and 
requires less time and fuel, than that by the use of lime in close 
vessels. On the other hand, mercury in the state of vaj^our becomes 
mixed with the products of combustion of the fuel used, and being 
carried forward by the draught, condensation is imi)eded, and loss of 
metal is the result. 

At Idria, Almaden, Xew Alinaden in California, and at Ripa in 
Tuscany, chambers, externally cooled by water, are employed as con- 
densers, while at some other establisliments they are constructed so as to 
allow jets of water to play within them. At the Pioneer Mine, in Cali- 
fornia, the condensers were traversed by troughs, through which a stream 
of water constantly flowed. The porous masonry of large chambers is, 
however, found to imbibe a very considerable quantity of mercury ; 
and they have consequently been replaced by cast-iron pipes cooled 
externally by water, and connected with condensers provided with a 
suitable chimney. These tubes are, however, found to be acted upon 
somewhat rapidly by the sulphurous vapours passing through them, and 
have in consequence been, in some instances, replaced by wooden pipes. 
Wooden pij)es possess the advantage of being more durable than iron 
ones, and can, by means of small doors, be easily opened and cleaned. 
The mercurial fume which collects in them is also free from oxide of 
iron, and is consequently more readily worked. 

The treatment of mercurial ores on a large scale is still, to some 
extent, conducted in kilns working intermittently, which, after the ex- 
haustion of each charge, require to be allowed to cool before it can be 
witlidrawn and replaced by a fresh one. This circumstance not only 
causes loss of time, but from the alternate heating and cooling of the 
masonry the walls are liable to crack, and to allow of the escape of an 
amount of vapour resulting in a serious loss of tliat metal ; at the same 
time most deleterious effects are produced by the mercurial fumes ou the 
health of the workmen employed. 

a. Roasting in Mounds. 

In some parts of Hungary copjjcr ores are found containing from i 
to 17| per cent, of mercury, but probably averaging from 2 to 2J per 
cent, of that metal. These ores are roasted in heaps preparatory to their 
fusion for copper matte, and during the operation a portion of the 
mercury is collected. The mounds are usually about 40 feet in length, 
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20 in breadth, and 3 feet 6 inches in height, and are provided with 
flues and chimneys similar to those sometimes employed for the pre- 
paration of coke. Hot embers are thrown into the vertical shafts, which 
are subsequently filled with small coals ; the decomposition of the sul- 
phides commences, and mercury condenses in drops on the outer and 
colder surfaces of the ora Before the uppermost layer becomes so far 
heated that mercury is re-volatilized, it is covered by a fresh stratum, as 
are also all places where any sinking of the covering has taken place. 
The process of roasting is complete in about three weeks, and the upper 
layers of the mound will then be found to contain mercury resulting from 
the condensation of mercurial vapours expelled from the more central 
portions of the pile. These upper layers are removed, and washed upon 
an iron sieve in a tub of water, in which the mercury and fine ore accu- 
mulate ; while the coarser portions which remain on the sieve form the 
lower layers in the next mound prepared for calcination. The fine ore 
is subsequently washed on very close sieves, which allow the mercury to 
pass through them and to unite in the liquid state, while the fine ore 
remains behind and is added to the next mound for roasting. The upper 
layers are thus treated so long as they continue to yield an appreciable 
amount of mercury, and the lower ones, which have been completely 
roasted are taken to the furnace in which the first fusion for matte is 
effected. 

By this method of treatment ores are stated to yield 75 per cent, of 
the mercury indicated by assay, and the collection of quicksilver from 
copper ores containing only ^ per cent, of that metal is said to be attended 
with profit ; in 1861 Hungary produced 31 J tons of mercury from the 
working of copper ores of this description. 

6. Roasting in Kilns. 

Treatment of Mercurial Orbs at Idria. Old Process, — The ores 
treated were divided into two classes ; mineral in lumps varying from the 
size of a nut to a cubic foot, and those fragments of which the size ranged 
from below tliat of a nut to the finest dust. 

The first class comprised three subdivisions, namely, the poorest kind, 
affording only 1 per cent, of mercury ; the massive sulphide, consisting 
of the richest selected fragments ; and lastly, pieces, containing from 
1 to 40 per cent., arising from the breaking and sorting of the different 
ores. 

The second class was also subdivided into three varieties, and com- 
prised fragments extracted from the mine in small pieces, and which, on 
an average, afforded from 10 to 12 per cent of mercury ; bits of ore 
separated by washing on a sieve, containing at times 30 per cent, of 
metal ; and lastly, sand and schlich obtained by stamping and washing 
the poorer ores; this generally afforded a produce a little superior to 8 
per cent. 
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The metallurgical treatment of these several products consisted in 
subjecting them to a process of roasting in a large kiln-like apparatus, 
in which the sulphur was converted into sulphurous anhydride, while 
metallic mercury was set free and condensed in a series of chambers 
arranged on either side for that purpose. 

This apparatus consisted of two large roasting kilns, A, figs. 158, 159, 
furnished on either side, with a series of chambers, C, in which the 
mercurial vapours were condensed. 

The larger fragments of the mineral treated were closely piled on the 



Fig. 158. — Old Furnace at Idna ; longitudinal acciion. 


hollow arch, a, until the space between it and the next had been entirely 
filled. On the second perforated arch, 6, were placed fragments of smaller 
dimensions ; and on the third, c, were originally depobited, in earthen 
vessels, the slimes arising from the mechanical treatment of the poorer 
ores. This wa.shed schlich w’a.s, however, subsequently formed into 
bricks, and charged into the furnace, mixed with lump cinnabar. 

When the furnace had been thus charged, a fire was lighted on the 
grate, and the heat progressively raised until the decomposition of the 
mineral began to take placf\ The cinnabar placed in immediate contact 



Fig, 159. — Old Furnace at Idria ; borizoutul section. 


with a current of heated air, which entered the furnace through aper- 
tures 0 }>ening into the spaces, O, II, was decompo.sed and the metal 
sublimed ; the latter being carried into the condensing chambers, C. 
The greater portion of this mercury was condensed in the first three 
chambers, and was conducted by the gutters, .r, y, sr, to covered reservoirs 
beneath the level of the floor. In the last chambers of the series a con- 
siderable amount of water, and but little mercury, was condensed. 
These products were, on account of the impurities they contained, carried 
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off by gutters, to a tank, in which they accumulated. The mercurial 
dust, associated with the metal obtained from the last chambers, was 
subsequently separated by filtration and mixed with some of the finer 
ores, to be again treated in the furnace. 

In order to condense, as far as possible, the last traces of mercury 
passing through the apparatus, a stream of cold water was made to flow 
through the chambers, D, on inclined tables, extending nearly from one 
wall to the other, and between these the vapours and gases circulated 
before escaping, through E, into the air. 

The mercury was afterwards filtered through thick canvas bags to 
separate solid impurities, and subsequently packed in wrought-iron bottles 
for exportation. 

This arrangement, which was one of the largest single metallurgical 
structures in the world, was charged in three hours by the united labour 
of forty men. The wood employed as fuel was beech, and the distilla- 
tion lasted from twelve to fifteen hours, during which time the whole 
interior of the kiln was kept at a cherry-red beat. A complete charge 
for the double apparatus was from 1,000 to 1,200 cwts. of ore, which 
produced from 80 to 90 cwts. of mercury. The furnace required, 
according to the season of the year, from four to five days to cool ; and 
therefore, when the time necessary for charging and withdrawing the 
residue is included, only one distillation could be made in the course of 
a week. This furnace was 180 feet long and 30 feet in height, and was 
first erected at Idria in the year 1794, before which time an aludel- 
fumace, similar to those of Almaden, was employed. 

Continuous Process , — The first furnaces employed for this process 
were constructed by Bergrath Hahner in 1850, and were used with great 
advantage for the treatment of all but the more finely divided varieties 
of ore ; but even these could be advantageously treated if first mixed 
with clay and made into bricks. The furnace was a cylindrical kiln 
furnished at bottom with a movable grate constructed of iron bars, each 
of which could be separately withdrawn, and beneath which a small 
waggon could be placed for the purpose of removing the exhausted 
residues after calcination. This cylindrical kiln was fed at top by a 
hopper closed by a valve, and was connected, by a lateral flue im- 
mediately below it, with a series of six condensing chambers, built of 
masonry, and externally covered with iron plates, kept cool by a con- 
tinuous flow of water. The chimney was built in tiers, each of which 
was cooled by water, while the chambers, which communicated with one 
another alternately at the bottom and top, had clay floors, tightly rammed 
in on a foundation of masonry. 

When this arrangement was lighted, a few pieces of broken brick 
wore placed on the bars so as to dimmish the interstices between them, 
and on these were laid some brushwood and charcoal, on which the first 
layer of mercurial ore was charged. The kiln was now filled with ore 
and charcoal, in alternate layers, to a height of about 12 feet ; the wood 



548 


ELEMENTS OF METALLURGY, 


upon the grate was kindled, and the fire made its way slowly upwards 
through the mass. Charges of 7 cwts. of ore, with from 3 to 4 per cent, 
of charcoal, were let down through the hopper every forty-five minutes, 
while the exhausted ore was from time to time withdrawn by removing 
some of the bars at the bottom, and allowing it to fall into small iron 
waggons running on a narrow tramway. The ores remained twenty- 
two hours in the kiln, and those containing 3*11 per cent, of mercury 



Fig. 100.— Aludcl- Furnace ; longitudinal section. 


by assay yielded 1*90 per cent, on the large scale by this method of 
treatment. 

More recently an improved continuous coarse-ore furnace lias been 
introduced at Idria by Bergrath Exeli, on the model of th(5 old Eumford 
lime-kiln, from which excellent results are obtained. Figures and a 
description of a slightly modified form of this furnace, as employed 
for the production of mercury at New Almaden, California, will lie 
found on p. 551. 

Aludel-Furxace of Almaden. — This apparatus, figs. 160 and 161, 



Fig. 161.— AludeLFumace ; sectional plan. 


of which the first is a vertical section and the second a sectional plan, 
was introduced in 1646 by Juan Alonzo Bustamente, from Huancavelica, 
in Peru. 

These furnaces, which are called huitroneH^ consist of a circular kiln, 
A B, separated into two compartments by a brick arch, k, pierced with 
orvortnrpq The orc is piled in the space, B, above the arched 
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diaphragm, the larger masses being placed first, and the smaller frag- 
ments upon them. The top is then covered with lumps formed of clay, 
kneaded with fine schlich. At the upper extremity of the cavity, B, is 
arranged a system of openings, /, which communicate with a series of 
earthen adapters, fitting one into another, and resting on the doubly 
inclined surface of the terrace, a, c. These earthen pipes, or alvdels^ 
fig, 162, are thrust one into another, and luted with a little softened 
clay, by which the leakage of the joint is practically obviated. Some of 
the condensed mercury remains in the aludels, but a portion flows through 
a hole pierced in the aludel at the lowest part of the series, and is col- 
lected in the gutter, by which it is conducted through wooden spouts 
into receiving basins, r. The uncondensed gases, mixed with mercurial 
vapours, pass through apertures, c, into chambers, C, where, passing under 
a diaphragm, e, a certain portion of the metal is deposited in a trough, t, 
filled with water. What still remains uncondensed passes into the upper 
part of the chamber, whence it escapes into the atmosphere through a 


Fig. 162 .— Aludels. 

cliimney, E. The mercurial soot which accumulates on the sides of this 
cli amber is occasionally swept down, and, after being kneaded into bricks, 
with the addition of clay, is again treated in a subsequent operation. 
The fuel employed is brushwood, which being ignited in the space. A, 
beneath the arched diaphragm, affords the heat necessary for working 
the furnace. Tlie aludels are placed in twelve ranges of about twenty-five 
in each ; the fuel is introduced through the opening, D, and the smoke 
and products of combustion are principally carried off by the chimney, 
F ; a is a flight of steps for mounting on the top of the furnace, and g a 
gutter by which rain-water is carried off. The ore is introduced into 
the furnace through the door, 7/, and opening, o, which are afterwards 
securely luted. The firing is continued during twelve or fifteen hours, 
and the apparatus is then allowed to cool for three or four days, when 
the residues are removed and it is charged for another operation. 

Furnaces similar to those used at Idria were introduced at Almaden 
about 1 806, their capacity being two and a half times greater than that 
of the aludel-furnace. 

New Almaden, California.^ — The ores treated at the reduction 
works or hacienda belonging to this mine are divided into the four 
following classes : — 

Oranza, in fragments varying from 9 to 3i inches, rich, 6 to 8 per cent. 
Tei'rero „ „ 6 to 8J „ poor, 1 to 2 „ 

Granzita „ „ 8^ to „ poor, 1 to 3 „ 

Tien 09 „ „ to dust . poor, 1 to 3 „ 

^ * Quioksilver-Eeduotion at New Almaden,’ by Samuel B. Christy, University of 
Calif omia, Traniaotioni of the American Institute of Mining Engineers, 1885. 
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Intemitient Junioff.— The last survival of the old intemu'Uent fur- 
nace consists of an ore-chamber 12 feet in length, 9 feet in and 

17 feet 6 inches in height, inside measure, vrhieh is separated from a 
lire-place at one end, and from the vapour-chamber at the other, by a 
diaphragm of hollow brickwork. This is arched inwards in order better 
to withstand the pressure of the enclosed ore. 

The mineral is charged into the ore-chamber through the top of the 
furnace, and a series of channels or flues is built longitudinally along 
the bottom with the larger lumps of ore, in continuation of the apertures 
in the pigeon-holed wall. *\Vhen the first series of channels has been 
thus built, a layer of ore from 2 to 3 feet in thickness, according to the 
size of the fragments, is charged into the furnace ; another series of 
channels is then constructed, and so on to the top of the furnace. To 
counteract the tendency of hot air to roast the upper rather than the 
lower layers of ore, the channels are made smaller and further apart in 
the upper part of the ore-chamber, while a certain amount of smalls, and 
of soot from the condensers, is added for the same reason. 

There are four discharge-ports or draw-holes, two on each side of the 
furnace, which are bricked up during the roasting of a charge ; while the 
flue for talyng off the vapours has its bottom level with that of the ore- 
chamber in order to further counteract the upward tendency of the 
heated gases. 

The operation of charging requires the labour of eight men for one 
day, the average weight of the charge being about 100 tons of mixed 
graitza and terrero. When the furnace is charged the draw-holes are 
bricked up, and some pieces of old sheet-iron laid on top of the charge ; 
this is covered by a layer of stable manure, that again by 3 inches of 
clay, and a wood fire is lighted upon the hearth. Th(‘ roasting of the 
ore requires the labour of one man per shift of twelve hours for five days 
and four nights. 

When the firing has been stopped the furnace is allowed to cool 
during three days and nights, the air being allowed to j>ass through the 
condensers the whole time. 

For discharging the residues the labour of four men during one day 
is required. The top is removed to create an upward draught through 
the furnace, the discharge-ports are opened, and the spent ore is drawn 
out into slag-cars. In this way each charge of ore is worked in ten days, 
so that three charges may be put through the furnace in a month. 

The ores treated in this furnace yield on an average 9*16 per cent, of 
mercury, the cost of working being $1*368 per ton (2,000 lbs.) of ore. 

Continuous Coarse-Orp Furnaces . — These furnaces are, with the excep- 
tion of some slight modification of detail, similar to the coarse-ore furnaces 
introduced at Idria by Eeigrath Exeli, being small stack-furnaces fired 
from the outside. 

Figs. 163, 164, 165, 166, represent, after Mr. Christy, sections, an 
elevation, and top view of this furnace. It will be observed (fig. 165) 
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that the lower half is a regular hexagon, with abutments at the alter- 



Pig. 105.<»Horizontal Sections. Fig. 160.— -Top View. 

Continuous Coarse-Ore Furnace. 

nate aides containing the fire-places, ash-hole^ and draw-pits. Each 
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abutment has on its face a fire-door and an ash-pit door, the latter com- 
manding the discharge-door for spent ore. 

The residue or spent ore, after being drawn from the cooling-pits of 
the shaft into the. ash-pits, is allowed to remain until its fumes are ex- 
hausted, and is then drawn into “slag-waggons” through the discharging- 
doors. These discharging-doors are placed on the side of each of the 
three abutments at a lower level than the ash-pit doors. 

The upper half of this furnace is cylindrical, and is closed at top 
by a flattened dome supporting the charging apparatus in its centre. 
The fumes are removed from the vapour-chamber, above the surface of 
the ore, by cast-iron pipes 12 inches in diameter. In one of the two 
furnaces of this description employed at New Aliuaden there are three 
of these discharge-pipes placed at the top of the shaft on the sides 
opposite each fire-place. In the other there are, in addition to these, 
three pipes placed at the top of the shaft, one above each fire-place. 
By means of short iron pi|)es these are connected with the rectan- 
gular system of pipes encircling the head of the furnace, which, inclining 
downw’anls at an angle of 10“, lead to the condensers. In order to 
keep these pipes clear of soot each contains an iron scraper moved by 
a rod passing through a stuffing-box at the angles of the system of 
pipes. These are not often used, and at other times the rods are 
securely luted in their places with clay. 

The cylindrical stack of this furnace lias an interior diameter of 
6 feet, with a height of 1 1 feet 6 inches, and is joined to the frustum 
of a cone 8 feet in depth, ’which contracts at the bottom to a diameter 
of 4 feet. Along the sides of the cylindrical ])art of the shaft, opposite 
each of the fire-pdaces, is a series of pee|>-holes, which are usually closed 
gas-tight, but are occasionally used to determine the height and tem- 
perature of the column of ore. 

The entire structure rests on a slightly concave iron plate placed on 
the top of the foundations, which causes any mercury that may permeate 
the masonry to flow into a reservoir prepared for its reception. Ex- 
perience has, however, shown that this precaution is unnecessary. 

The low^er part of the furnace is enclosed by cast-iron plates bolted 
together and cemented with rust joints. The cylindrical portion has 
a jacket of sheet-iron, and is covered at top by a cast-iron plate supporting 
the charging apparatus, which renders the whole vapour-tight 

The charging-apparatus consists of a cup and cone, but, owing to the 
poisonous nature of quicksilver and its fumes, an additional cylinder, 
which can be closed by a cover provided with a water or sand joint, is 
also added. The rod moving the cone passes through a stuffing-box in 
the centre of the cover, and is in connection with a counterpoise weight. 
The cover itself is also attached to balance weights by two chains 
passing over pulleys. By the use of this contrivance the charging of 
the furnace is effected ’without exposing the workmen to the effects of 
mercurial fumes. The cover is lifted, a charge of ore mixed with a small 
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proportion of fuel is tipped from an ore-waggon into the hopper, and the 
cover is lowered into its place. The ore is now allowed to remain in 
the hopper until it has acquired the temperature of that part of the 
apparatus, since if dropped into the shaft in a cold state it would be 
liable to chill the fumes and cause their condensation in the furnace. 

At the proper time, an equal quantity of spent ore having been 
withdrawn into the ash-pits, the cone is lowered and a charge dropped 
into the furnace. 

On starting a campaign with these furnaces they are filled to above 
the height of the fire-place with spent ore, and then with raw ore 
to just below the level of the uppermost peep-hole. As this height is 
never exceeded, there is always above the top of the ore a vapour- 
chamber in which the fumes collect before passing out through the iron 
pipes to the condensers. With the ore is mixed 1 J per cent, of charcoal, 
coal, or coke to assist in raising the temperature of the furnace, and, at 
tlio same time, to keep the column of ore more open. A good fire of 
oak or pine-wood is maintained in the three fire-places, and as soon as 
the lower peep-hole indicates % dull cherry-red heat, a quantity of spent 
ore is drawn into the ash-pits, and a charge, consisting of 1,600 lbs. of 
ore, with 24 lbs. of fuel, is dropped into the furnace from the hopper. 
The spent ore is allowed to remain some time in the ash-pits, so that 
it may discharge any remaining mercurial fumes through the fire-place 
into the furnace, and is afterwards drawn into slag -waggons through 
side doors in the abutments. This series of operations is repeated every 
two hours during the whole period the furnaces are in action. 

Each furnace roasts about d} tons of ore in twenty-four hours, and as 
it holds 21 tons, it takes 52} hours for a charge to pass through it. 

The ore treated contains, on an average, 7 per cent, of quicksilver, 
and the total cost of working a ton of ore is $0*952. 

Continuom Fine-Ore (GranrMa) Furnace . — The question of dis- 
covering some cheap method of treating the large quantities of poor 
smalls produced at the Xew Almaden Mine has always been one of 
great importance. Making this ore into balls or bricks with clay would 
add at least 70 per cent, to its cost of treatment, while the reverberatory 
furnaces used at Idria would, on account of the high prices of labour 
and fuel in California, bo equally out of the question. 

This difficult problem has, however, been satisfactorily solved by the 
adoption of the lliittiier and Scott furnace, which may perhaps be re- 
garded as the most important modern contribution to the metallurgy of 
quicksilver. 

The general idea of this furnace is similar to that of the Hasenclever- 
Ilelbig slielf-furnace, in which a series of inclined shelves, placed on the 
opposite walls of a vertical shaft, retard the descent of a column of 
somewhat finely divided ore. It, however, differs from the Hasenclever 
type in combining a number of ore-chambers in the same mass of brick- 
work ; as also in the devices for regulating the products of combustion 
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and for effecting the discharge of the burnt residues. Several furnac(»« 
upon this principle have been erected at New Almaden, but that which 
has been selected for description is the last built and most efficient c)f 
these appliances. 

In the folding plate facing p. 556, fig. 1 is a half front elevation and 
half vertical section of this furnace, and fig. 2 vertical sections through 
the fire-place and ore-chamber. 

The vertical section through the fire-place, a, shows the ash-pit, 6, and 
the second vapour-chamber, c, on that side of the furnace. Along the 
wall between the fire-chamber, «, the vapour-chamber, c, and the ore- 
chambers, are shown pigeon-holes, c, through which the flame and vapours 
from the ore pass into the ore-chamber and out of it again. The pigeon- 
holes in the walls of the fire-chamber are cut so as to slant with tiie 
shelves ; while tliose in the vapour-chambers are cut horizontally, but 
are so bevelled that the ore from the ore-chamber and dust from tlie 
gases cannot obstruct them. The former fulls back into the orc-chamber, 
while the latter settles in the vapour-chambers, whence it is removed at 
the end of the campaign through the openings, g, wliich are kept bricked 
up during the run. 

In case any obstruction should occur either in the pigeon-holes 
or on the shelves, peep-holes, jr^ are place<l in the a.xes of the pigeon- 
holes in the end walls of the furnace. These, which are placed on the 
same line opposite one another, under the extreme end of each shelf, are 
made of 3-inch gas-pipe, and are usually kept luted with clay. AVlieu 
any obstruction occurs this is easily removed by the introduction of an 
iron bar. 

An earthenware pipe, /, liaving an internal diameter of IG incljes, 
passes through the condensers, tlius cooling them and furnishing the fire- 
place with slightly heated air. Branching from it, and leading to the 
pigeon-holes, are the hot-air flues, ?/?, which cool the wall ; thus assist- 
ing to render the combustion perfect, and at tlie same time to prevent 
the deposit of soot. 

The vertical section through the right hand double ore-chamber 
(fig. 2) shows the arrangement of shelving and the way in which the ore 
descends. The horizontal length of the ore -chambers of this furnace 
is 11 feet 6 inches, the width of each 25 J inches, and their height 
27 feet 3 inches, from the roof to the point of discharge. Tlio tile 
shelving, s, is placed at an angle of 45** with the side-walls ; tlio shelves 
are 30 inches apart vertically, those on one wall being 15 indies above 
those on the other, and at right angles to them. They are made of 
ordinary fire-tiles 36" x 16" x 3", four of which make a length, and allow 
of a 3-inch projection into the end walls. They are not let into the 
side walls, but are at top supported by slight abutments projecting from 
the wall, while at bottom they rest at intervals of 18 inches on ordinary 
fire-bricks. 

The discharge is arranged by supporting the end of the ore columns 
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of the interior chambers on the bottom of the draw-pit; the ore of 
the exterior chambers being supported by cast-iron plates. The latter 
have, in front, aprons which discharge the ore into the lower draw- 
pits, whence the spent material from both divisions is raked into waste- 
waggons. 

The ore thus lies at its natural slope until it is raked out, when the 
whole column descends gradually from bottom to top. There are four 
double discharges, Ar, on each side of the furnaces, which are kept 
closed by sheet-iron doors to protect the workmen as much as possible 
from the hot dust. Inclined iron plates are placed in the foundation 
of the furnaces to prevent any waste of mercury. 

In fig. 1 is shown a half elevation and a longitudinal half section, 
both fronts of the furnace being the same. From the fire-chamber, 
a, the heated gases pass through the lower third of the ore-chambers 
to the vapour-chamber, d, shown by dotted lines on the left. Thence 
they pass through the middle third of the ore-chambers to the vapour- 
chamber, e, on the right, whence they are conducted through the upper 
third of the ore-chambers to the vapour-chamber, /, on the left, and 
thence through the iron pipe, i, to the condensers. 

The ores at New Almaden usually cause no difficulty from fusing or 
clotting, but sometimes in wdnter, when charged in a damp state, they are 
found to become baked on the upper shelves so as to require stirring, and 
to obviate this the rakes, r, have been introduced. One of these rakes 
extends through each of the ore-chambers just above the topmost shelves, 
where the ore enters the furnace from the hoppers, h. Should any baking 
of the charge take place, the lumps are readily broken by the use of the 
rake, and the ore descends regularly into the furnace. 

This furnace holds 45 tons of ore, and 36 tons are passed through per 
twenty-four hours, and hence each charge remains in the apparatus during 
thirty hours. 

The working of the furnace is conducted in the following way : — One 
ton by volume^ of the spent ore is drawn alternately from each side of 
the furnace every forty minutes, 250 lbs. being taken from each draw- 
liole, and a charge of 2,000 lbs. of raw ore and 20 lbs. of coal is let down 
from the hopper, //, which is again immediately filled with raw ore mixed 
witli its proper amount of fuel. 

The firing is attended to every hour, three 4-feet lengths of oak or 
pine being ordinarily added to each side of the fire-place during that 
period, and from 1^ to IJ cord of wood is thus burned every twenty-four 
hours. The average amount of mercury in the ore treated is 1 *664 per 
cent., and the cost of treatment per ton of ore is $0*640. 

The Tierras are treated in very similar furnaces, which, however, 
differ slightly in the arrangements for their discharge. 


* These ores are not weighed, but are estimated by measurement. 
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c. Roasting in Ebverbbratort Furnaces. 

At Idrifi, reverberatory furnaces, constructed by Alberti, are em- 
ployed for the treatmen.t of some of tlie smaller and poorer oi’es, and 
the results obtained are said to be satisfactory. The ore is introduced 
into the furnace through a hopper placed at the extremity nearest the 
chimney, and is divided into three charges, which are gradually worked 
towards the fire-bridge, while tlio exhausted matter is withdrawn, through 
an opening, into an arched chamber beneath. Condensation is effected 
in cast-iron pipes, through which the volatilized mercury, together with 
the products of combustion, first pass to a large condensing chamber, 
and thence back again, througli a considerable length of similar pipes, to 
another chamber, near tlie furnaces, which is in communication witli a 
high chimney. These tubes are kept cool by a spray of water constantly 
falling upon them from parallel w'ooden spouts, pierced with holes, 
placed above them, and condense rather more than 95 per cent, of the 
total amount of mercury obtained. Two of these furnaces, placed side by 
side so as to form one block of masonry, w’ork 13 tons of fine ore and 
10 tons of schlich daily, with a loss of about 8 per cent, of the mercury 
indicated by assay, and with a coiisumptioii of 50 cubic feet of wood per 
cwt. of mercury obUiiied. 

Decomposition of Mercurial Ores bv Lime. 

a. Gallery of the rALAXiNAXE. — In tlie district of Zweibrucken, 
Rheni.-'h Ikvaria, where considerable quantities of mercury were fonnerly 
extracted, a peculiar apparatus called a gallery was employed. The 
mineral here treated consisted of a mixture of sulphide of mercury and 
calcite, which was heated in earthen or cast-iron retorts or cucurbits^ of 

which several were arranged in 
one furnace, as shown in fig. 167. 
The number of cucurbits, A, con- 
tained in one gallery varied from 
thirty to fifty, and to each of these 
was adapted a stoneware receiver, 
B, partially filled with water. Into 
each of the retorts were intr(>- 
duced from 56 to 70 lbs. of cin- 
nabar and from 15 to 18 lbs. of 
qu*cklime,a mixture which should 
fill alxiut two-thirds of its capacity. 

The sulphide of mercury was 
in this case decomposed by the 
lime, sulphide of calcium and 
sulphate of calcium being formed, 
and the liberated metal was condensed in the stoneware bottles. The 
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fuel employed was pit-coal, burnt on a small grate situated at C. The 
dome was perforated with openings for the purpose of creating a draught. 

h Iron Retorts. — With the view of obviating the inconvenience 
and loss experienced by the older methods of distilling mercury, an 
apparatus was erected in 1847, under the direction of the late Dr. Ure, 
at Landsberg, in Rhenish Bavaria. This arrangement consisted of a 
series of retorts, which were set in masonry, precisely in the same way 
as those used in the manufacture of coal gas, and were fitted at one end 
with an eduction tube, and at the other with an air-tight stopper, kept 
in its place by an iron screw. 

Both in Bavaria and at Ripa, in Tuscany, where this apparatus was 
also introduced, it has long since been superseded, and at the present 
time it appears to be nowhere in use. Retorts on a somewhat similar 
plan have been tried in some of the mercury mines of California, but 
were not found economical ; at the Enriquetta Mine, rotating retorts 
were formerly employed. 


BISMUTH. 

Bismuth possesses a greyish-white colour, but at the same time presents 
a distinctly red tint when compared with zinc, antimony, or any of the 
whiter metals. It is brittle, and consequently cannot be drawn out under 
the hammer, and when broken presents a highly crystalline fracture. 
Very beautiful crystals of this metal are obtained by fusing a consider- 
able quantity in an earthen crucible, and afterwards setting it aside and 
allowing it to cool gradually. For this purpose the crucible in which 
the fusion has been effected should be removed from the fire to a sand- 
bath, and covered with a hot-iron plate, on which are placed a few pieces 
of ignited charcoal. At the expiration of a certain time, the external crust 
of solidified metal is pierced by a hot iron, and the interior portions, 
which still retain the liquid form, are rapidly poured out. The upper 
crust is now removed, and crystals of bismuth are found coating the sides 
of the vessel. These are really rliombohedra, but having angles of nearly 
90*, they have the appearance of cubes, and from a slight covering of 
oxide, varying in its thickness, they frequently assume beautiful pris- 
matic colours. 

Commercial bismuth is never pure ; but as the other metals with 
which it is associated are commonly more oxidizable than itself, they may, 
in a great degree, be separated from it by fusing the powdered metal in 
an earthen crucible, with one-tenth of its weight of nitrate of potassium. 
On heating this mixture until the nitre has been completely decom- 
posed, a portion of the bismuth, together with the major part of the 
impurities, will have been oxidizal and will remain with the slag, while 
a button of purified bismuth collects in the bottom of the crucible. 

To more completely purify bismuth, dissolve the crude metal in nitric 
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acid and concentrate by evaporation. Pour the clear concentrated solu- 
tion into a large quantity of distilled water, and wash the basic nitrate 
which is precipitated by decantation. Boil with a very weak solution 
of caustic potash to remove traces of arsenic, &c., wash and dry. Mix 
the dried basic nitrate with its own weight of black flux, and fuse it at a 
moderate heat in an earthen crucible. On breaking the crucible, after 
cooling, a button of nearly pure bismuth will be found at the bottom. 

This metal fuses at a temperature of 258° C. It is volatile at a high 
heat, and may be distilled. Bismuth is placec}, by Faraday at the head of 
diamagnetic substances ; its thermal and electric conductivity are lower 
than those of most other metals. At a white heat bismuth boils, and is 
sublimed, and at this temperature is stated to decompose the vapour of 
water ; it is not afiected by exposure to dry air, but when placed in a 
humid atmosphere gradually becomes covered with a thin pellicle of 
oxide. When strongly heated in air, bismuth burns with a bluish flame 
and gives off fumes of a light yellow colour. 

It is attacked w'ith difficulty by concentrated hydrochloric acid. Sul- 
phuric acid, unless concentrated and hot, does not attack it, and in tliis 
case sulphurous anhydride is evolved. Nitric acid attacks it with great 
facility, with the formation of a soluble nitrate of bismuth. 

Bismuth Ores. 

Bismuth occurs native, and also in combination with the closely allied 
element tellurium, as well as with silver, gold, sulphur, and oxygen. 
Its ores readily fuse before the blowpipe, and in the oxidizing flame 
afford an oxide by which the charcoal support is stained of a brownisli- 
yellow colour. 

Native Bismuth; Bismuth natif; Gediegen WUinuth, Hexagonal, 
rhombohedral. — Is found massive, granular, reticulated, or arborescent. 
Colour greyish- white, inclining to red ; lustre metallic, and streak un- 
changed. Frequently contains small quantities of arsenic, and is ofWn 
associated witli silver, and sometimes with iron. 

Native bi.smuth accompanies various ores of silver, lead, zinc, cobalt, 
and nickel, and frequently occurs in veins traversing either gneiss or clay- 
slate. Its principal localities arc in Australia ; the silver and cobalt 
mines of Saxony and Bohemia, at Altenberg, Schneoberg, Annaberg, 
Joacliimsthal, and Johanngeorgenstadt ; at Lolling in Carinthia, and at 
Fahlun in Sweden. Native bismuth occurs in small quantities at Iluel 
Sparnon, near Redruth in Cornwall ; at Carrick Fell in Cumberland ; 
at Alva, in Stirlingshire, Scotland ; and in Bolivia. Native bismuth su}>- 
plies nearly the wffiole of this metal which is employed in the arts ; 
the greater portion was formerly derived from the mines of Sclinoeberg, 
where it was found associated with ores of cobalt. 

Bismuth is also found in combination with other bodies, but these 
compounds are by no means of common occurrence. 
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Sulphide of Bismuth occurs in Cumberland, Cornwall, Saxony, Sweden, 
and in South Australia. It is found both in the massive state and in the 
form of acicular crystals. Its composition is BijSs, or bismuth 81*3, 
sulphur 18*7. This mineral is by no means plentiful, although its 
localities are comparatively numerous. 

Silicate of Bismuth occurs in minute dodecahedral crystals of a dark 
hair-brown or wax-yellow colour. Its more general appearance is that of 
implanted globules which rarely exceed the size of a pin's head. A 
specimen of this mineral, from Schneeborg in Saxony, was found to be 
composed of oxide of bismuth, 68*8 ; silica, 23*8 ; arsenic anhydride, 
2*2 ; gangue, 9*1 ; cobalt, copper, and iron, 5*9. 

Needle Ore or Patrinite is a sulpbo-bismuthide of copper and lead 
sulphides, which is found in the mine of Klutscheffsky, near Beresof, 
in Siberia, in acicular crystals of a yellowish- white colour, and contains 
from 28 to 37 per cent, of bismuth. 

Tetradymite is a compound of bismuth and tellurium, and occurs in 
association with other tellurium ores and gold in Merionethshire, Hun- 
gary, Georgia, Colorado, and California 

Oxide of Bismuth occurs as a pulverulent coating on some of the other 
ores of this metal ; it is found in Bohemia, in Siberia, at St. Agnes in 
Cornwall, &c. It is of a yellowish-green colour, and contains 86 per 
cent of bismuth, A vein, containing ores of bismuth and wolfram, was 
formerly worked near Meymac, Dep. of Corrfeze, France. The bismuth 
occurs as oxide, associated with native metal and sulphide. 

Carhouate of Bismuth occurs at St. Agnes, at Schneeberg, and at 
J ohanngeorgenstadt. 

About 40 tons of bismuth ores, containing 60 per cent, of metallic 
bismuth, are annually imported into this country, chiefly from Aus- 
tralia. 

Assay of Bismuth Ores. 

Assays of the ores of bismuth are conducted like those of the oxi- 
dized ores of lead. When the substance operated on contains metallic 
bismuth only, no reducing flux is, theoretically, required ; but as there is, 
in almost all cases, a portion of oxide present, a little powdered charcoal 
should be added. On account of the volatility of this metal, it is of 
importance that a reatlily fusible slag should be obtained, and for this 
purpose large quantities either of sodium carbonate, borax with char- 
coal, or of borax with black flux, should be employed. 

In the wet way, bismuth is usually precipitated from its solutions by 
carbonate of ammonium, which when added in excess throws down the 
whole as carbonate, provided the liquid be allowed to stand for several 
hours in a warm place. The precipitate, after being washed and dried, 
is separated from the filter and ignited in a porcelain crucible ; the filter 
is burnt separately, and the residue added to the ignited precipitate. 
This consists of the oxide BijO^ containing 89*74 per cent, of metal. 
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When sulphuric or hydrochloric acid is present in the solution, carbonate 
of ammonium must not bo employed for precipitation, since the pre- 
cipitate would, in the former case, contain basic sulphate, and in tlio 
latter, oxychloride of bismuth. In such cases bismuth must first be 
precipitated by sulphuretted hydrogen, and the resulting sulpliide 
attacked by nitric acid. From the solution thus obtained bismuth may 
be precipitated by carbonate of ammonium. 

METALLURGY OF BISMUTH. 

ScHNEEBBRG PROCESS. — The bismutli of commerce is chiefly obtained 
from the native metal, of which a largo proportion was formerly procureil 
from the mines of Schneeberg, in Saxony. The metallurgical treatment 
of these ores is extremely simple, as it is sufficient to heat them in closed 
vessels; by which treatment the metal becomes fused and flows out 
into proper receivers, while the gangue and infusible impurities remain 
behind. 

The Sclineeberg process of liquation is effected in cast-iron retorts, a, 
fig. 168, set in an inclined position in brickwork, A, and provided 



Fig. 168.— Bismuth Liquation-Furnace ; vertical section. 


with a grate, g, for the fuel employed. Tlie ore treated is sorted by 
hand, broken into pieces of the size of a hazel nut, and separated as 
much as possible from associated gangue. The charge of each tube 
consists of about 56 lbs. of broken ore, which is introduced at a, and 
occupies three-fourths of its length and rather more than one-half its 
diameter. The iron door at the end, a, is now shut, and, when iha 
whole of the tubes in the series have been charged in the same way, heat 
is applied. The liquid metal soon begins to flow through the apertures, 
5, left in the lower ends of the tubes, and falls into small pots, c, kept 
slightly heated by a few pieces of ignited charcoal, introduced into a 
space left beneath them for that purpose. Whenever the metal ceases 
to run freely, an iron rod is inserted through the aperture, and the ore 
is moved about in the retort in order to remove any obstruction. The 
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fuel employed is wood, and each operation requires about an hour for its 
completion. 

As soon as the flow of metal has entirely ceased, the residuum is 
scooped out with iron rakes into the water-trough, t, and a fresh charge 
of ore at once introduced into the retorts. The contents of the pots, c, 
are dipped out with ladles, and cast into ingots varying from 25 to 50 
lbs. in weight. 

By this apparatus 20 cwts. of ore may be treated in eight hours, 
with a consumption of 63 cubic feet of wood. The annual production 
of bismuth at Schneeberg formerly amounted to about 5 tons, but it is 
now considerably less. 

JoACHiMSTHAL PROCESS. — At Joacliimstlial, ores containing from 10 
to 30 per cent, of bismuth are treated in large clay crucibles. The 
ore is ground and mixed with 28 per cent, of iron-turnings or other 
finely divided scrap-iron, 15 to 20 per cent, of carbonate of sodium, 5 
per cent, of lime, and 5 per cent of fluor-spar. The crucibles employed 
are 23 inches in height and 16 in diameter at the mouth; they are filled 
with the mixture above specified, and its fusion is effected in a wind- 
fumace. When in a state of tranquil fusion the contents of the pots 
are poured into inverted conical moulds, in the bottom of which the 
bismuth collects ; this is covered by a speiss, which, in addition to cobalt 
and nickel, contains about 2 per cent, of bismutli. The speiss is sepa- 
rated from the bismuth for subsequent treatment, and the slag, which 
covers both, is thrown away. The bismuth thus obtained contains a 
certain amount of silver, which may be separated by subjecting the 
mixture to cupellation, and subsequently reducing the oxide of bismuth 
produced. Alloys of silver and bismuth work on the cupel quite as well 
as those of silver and lead. 

Production of Bismuth at Freiberg. — I am indebted for the 
following description of # method employed at Freiberg in 1870, for the 
extraction of bismuth from argentiferous ores, to Mr. W.^’M. Hutchings 
of Chester, who, when a pupil at the Royal Mining Academy, pos- 
sessed facilities for making himself acquainted with the process. 

Hone of the Freiberg ores contain an appreciable amount of bismuth, 
and indeed the quantity present in any of them is so small that it was 
never detected by direct analysis. On an analysis being made, however, 
of the hearth bottom of the silver refinery on which a charge of Blick- 
silber from the German cupelling-fumace had been refined, it was found 
to be rich in bismuth. Further analyses proved this to be always the 
case ; some of the hearths containing as much as 20 to 25 per cent, of 
bismuth, showing that the small quantity originally present in the ores 
had become concentrated in the Blicksilber, and had finally passed into 
the refining-hearth. A process for its extraction was consequently in- 
troduced, and "was carried on at intervals, whenever a sufficient accumu- 
lation of material had been collected. For this purpose the hearth was 
finely ground and passed through a sieve, to remove all metallic shot. 
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The fine powder was then submitted to the extraction proeett about to 
be described 

At a later period a class of ores from anotlier jxirt of the Erxgebii^, 
containing more bismuth, was sent to bo smelted at the Freiberg 
works ; these ores contained nickel and colmlt, which were concentrated 
in the s{)ei$s produced in smelting. In order to obtain the bismuth 
from these ores it was no longer sufticicnt to trt^at the refining-hearth 
only by the extraction process, since towaitls the close of a cupellation 
the litharge produced was so rich in lusmuth that it was found necessary 
to keep it ajwrt and to send it to (he bismuth worfca It was also found 
advantageous to stop the oj>omtion of cuindlation when the charge was 
enriched up to 80 per ccnU of silver, and to tmns/er tlw alloy to the 
retining-fumace, in which cupllation is com{)Ieted and the silver refined; 
loth the litharge and the hearth contain from 5 to 20 pr conL of bismuth. 
This litharge, as well as the hearth, is finely gruuiul, and both are treated 
as follows : — 

The jx)wdered hearth or litharge is treated w’ith hydrochloric acid in 
salt-glazed earthenware pots, 2i feet high, having an internal diameter 
of 1 foot 11 inches at bottom and 2 feet 8 inches at top. Twelve of these 
pots are ranged upon a platform at one end of the room, with a water- 
pipe placed above and parallel with them, so that water can be let into 
each as required. A steam-pipe is also provided, in order that, when 
necessary, steam may bo blown into tlie several pots to heat their 
contents. 

From 80 to 100 lbs. of hearth, or litharge, are placed in each pot, 
and measured quantities of acid and water introduced, in accordance 
with the previously determined richness in bismuth of the material 
operated on. Thus, for example, 100 lbs. of hearth may receive 120 lbs. 
of acid and 45 lbs. of water. The acid used is common yellow hydro- 
chloric. The reaction is strong, and a considerable amount of heat is 
evolved; the mass is actively stirred and is prevented from forming 
lumps. Stirring is frequently repeated during seven or eight hours, 
after which more acid is added, in quantity regulated by the amount of 
bismuth present, so that the pot can be filled with w^ator without any 
precipitation of bismutli oxychloride taking place. 

The vessel, when so filled, is allowed to stand thirty-six hours, to let 
the contents thoroughly settle. The clear liquid is then removed by 
leaden syphons, and conveyed along wooden gutters to the precipitating 
tubs, which stand upon a platform on a lower level. These tubs, made 
of pine-wood, are 4 feet 8 inches high, with an internal diameter of 
3 feet 7 inches, and sides 2| inches in thickness. Each tub has two 
taps, one quite at the bottom and the other some 5 inches liigher up. A 
wooden gutter runs over all the tubs, and has a hole and plug corre- 
sponding with each. The liquid syphoned out of the extraction-pots is 
conveyed to this main channel by short movable gutters, and can, by 
plugs, be let into any one of tlie tubs in the series. At the same time 
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that this liquid is run in, water is introduced, from a pipe extending 
over the tubes, in suflScient quantity to ensure the precipitation of the 
bismuth as oxychloride ; the whole is stirred and the precipitate allowed 
to settle. 

The residues in the extraction-pots are again treated with acid atid 
water, and the solution precipitated as before ; this treatment is repeated 
until the solution obtained is so weak that on adding a large quantity of 
water no appreciable precipitate is formed. The residues are then re- 
moved, drained, dried, and when a sufficient quantity has accumulated, 
are passed through the blast-furnace. 

When the oxychloride of bismuth has completely settled in the pre- 
cipitating tubs, the clear liquid is let off by the upper tap, and. conveyed 
along gutters into large wooden settling tanks, in order to catch any 
small quantity of the precipitate which may be carried over. From these 
the liquors are run off, leaving the precipitate in the bottom. Another 
charge of liquid is now run into the precipitating-tub and treated in the 
same way ; several precipitations thus take place in each tub, until the 
precipitate nearly fills the space between the taps. After the clear liquid 
has been run off by the upper tap, the precipitate is stirred, drawn off 
by the lower one, and conveyed on to suitable filters. Each filter is 
connected with a tub, into which the filtered liquid runs before going to 
the settling tanks. 

This first precipitate obtained upon the filters is not sufficiently pure 
to be reduced at once to the metallic state. It is, therefore, taken from 
them, treated with acid and water, and re-precipitated ; for this purpose 
there is a special set of three smaller pots and three separate precipitating 
tubs. 

The second precipitate is almost pure ; this is dried, and afterwards 
reduced by fusion in iron crucibles, heated in a wind-furnace with 50 
per cent, of carbonate of sodium, 7 per cent, of charcoal-powder, and 
3 per cent, of powdered glass. 

The bismuth thus obtained is refined by re-melting in iron crucibles, 
and the removal of the scum which forms. The resulting bismuth is of 
good commercial quality. 

The bismuth ores treated in the United Kingdom contain on an 
average 60 per cent, of metallic bismuth, and are generally fused in black- 
lead pots, with the addition of borax, sodium, carbonate, and a little 
crude tartar. 

Bismuth unites readily with tin and lead, forming a series of alloys 
known as fusible meials, wdiose melting-points are considerably lower than 
those of their constituents. This curious property w\as finst noticed by 
Sir Isaac Newton, wdio described an alloy melting near the boiling-])oint 
of water; and subsequent observers have shown that by varying the pro- 
portions of the constituents, and especially by a small addition of cadmium, 
the fusibility may be greatly increased. The complete series of these 
alloys is as follows : — 
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Name. j BL 

Pb. 

Sn. 

Cd. 

Melting-Point, j Remarks. 

1. Newton’s . j 50 

2. Rosc'> . . j 50 

3. Darcet's . 50 

4. .. . 50 

5. Wood's . . 50 ' 

6. Lipowitz's . 50 

31*25 

28*10 

25*00 

1 20*00 

14 00 
27-00 

18*75 

24*64 

25*00 

30*00 

1 14*00 
! 13 00 

12*00 

10*00 

1 

BiaSusPb 

Softens at 55'’ 


Fusible metal, like pure bismuth, expands in solidifying, and is used 
for taking impressions or cliches of wood-blocks and other engraved 
surfaces for reproduction by the electrotype process, as well as in safety- 
plugs for steam-boilers, which melt if the water becomes overheated 
through excessive pressure. A small addition of bismuth to pewter 
renders it hard and sonorous. The salts of bismuth are somewhat 
extensively used in medicine. 


LEAD. 

Lead is a soft metal of a bluish-grey colour, and when recently cut 
possesses a strong metallic lustre; on exposure to the air it becomes 
rapidly tarnished, and acquires a superficial coating of plumbous car- 
bonate. 

Lead is both malleable and ductile, possessing the former property 
to a considerable degree ; but its tenacity is inferior to that of nearly all 
the other ductile metals. It is flexible and inelastic, and fuses at about 
325 *’ C. AVhen slowly cooled, imperfect octahedral crystals are readily 
obtained. At a red heat, lead becomes sensibly volatile, but not to a 
sufficient extent to admit of its distillation. 

*VVhen kept in a state of fusion, in contact with the air, rapid oxida- 
tion takes place. At first the surface of the metallic bath becomes 
covered by an iridescent pellicle, which is quickly converted into a 
powder of a reddish-yellow colour. At a red heat this oxidation of the 
metal proceeds with great rapidity ; and it becomes necessary, in order 
to continue the operation, that the oxide, which gradually melts, should 
be removed for the purpose of exposing a fresh metallic surface. 

Lead, exposed to the influence of a damp atmosphere, quickly absorbs 
oxygen, and when acid vapours are present this action is much accele- 
rated. Oxidation is induced by the presence of carbonic anhydride, 
which gives rise to the formation of a white carbonate of lead. Dis- 
tilled water determines the oxidation of the metal, and from this cause 
leaden cisterns are rapidly corroded when used as reservoirs for soft 
water. A bar of lead, placed in distilled water and exposed to the air, 
becomes rapidly covered with a white coating of hydrated oxide, which 
is subsequently converted into a hydrated carbonate of lead, frequently 
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forming distinct nacreous scales on the 'surface of the metal In such 
cases the water is invariably found to hold a portion of lead in solution, 
which is readily shown by its becoming brown on passing through it a 
current of sulphuretted hydrogen. 

From the tendency exhibited by lead to form soluble salts, it ought 
not to be used for the manufacture of tanks in which water for domestic 
purposes is to be kept, since, from the poisonous nature of these com- 
pounds, disastrous effects not unfrequently result. 

The action of water on lead is, however, much diminished by the 
presence of small quantities of various salts, and particularly calcium 
sulphate, which has the property of preventing, to a great extent, the 
oxidation and solution of this metaJ. 

The lead of commerce often approaches a state of chemical purity, and 
is then extremely soft and malleable. When lead of still greater purity 
is required, it may be procured by reducing, in a carbon-lined crucible, 
oxide of lead, obtained by the calcination of crystallized nitrate of lead. 
Lead is somewhat feebly attacked by hydrochloric acid, even when con- 
centrated and boiling. Weak sulphuric acid does not act on lead when 
air is excluded ; but if heated in very strong sulphuric acid, SO2 is 
evolved and lead sulphate is slowly formed. The proper solvent for lead 
is nitric acid, which forms with it a salt readily crystallizing, on cooling, 
in opaque octahedra. 

Lead Ores. 

Lead is very rarely found in a native state, but usually in combination 
with one of the non-metallic elements, particularly with sulphur. It also 
occurs in combination with oxygen, selenium, arsenic, tellurium, and 
with various acids. The ores of lead are fusible before the blowpipe, 
and when fluxed with a little carbonate of sodium on a charcoal support 
yield a globule of metallic lead. The metal thus obtained gives off fumes, 
particularly when heated in the outer flame, and stains the charcoal of a 
yellow colour. 

Native Lead ; Ploinh natif; Gediegen Bleu Cubic. — The characters 
of native lead are precisely similar to those of ordinary commercial lead. 
It is a very rare substance, of which specimens are said to have been 
found, associated with galena, in County Kerry, Ireland, and in an 
argillaceous rock near Cartagena, Spain. Native lead is also stated to 
have been met with at Alston Moor, in Cumberland, where it is supposed 
to occur, with galena, in a siliceous rock. 

Oxide of Lead; Massicot; Bleigldtte. Rhombic. — Is a pulverulent 
mineral of a bright red colour, sometimes mixed with yellow, and is a 
mixture of different oxides of lead, affording a metallic globule when 
heated on charcoal before the blowpipe. It is sometimes a volcanic 
product, but occurs associated with galena, and is found in small quan- 
tities in various lead minea From the compamtive rarity of this ore it 
is of no importance to the metalluigist. 
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Chloride of Lead ; Plumb cldorure ; Salzsaures Blei. Rhombic. — 
This rare mineral, known as Cofunnite, PbCl 2 , is found among the lavas 
of Vesuvius. An oxychloride of lead, termed Mendij)it€, occurs in the 
Mendip Hills, in the form of lamellar, shining masses, of a greyish-white 
colour, deposited on a matrix of black oxide of manganese. It has a 
specific gravity of 7 ’07. When treated before the blowpipe it decre- 
pitates, and fuses into a globule of a yellowish-white colour; if heated on 
charcoal, metallic lead is obtained. Another oxychloride of lead, and a 
chloro-carbonate of lead, occur in Derbyshire. 

Sulphide of Lead ; Galena ; Galem ; Bleiglanz. Cubic. — This 
mineral occurs principally in cubes, which are often of considerable size ; 
its cubic cleavage is extremely perfect. It more rarely occurs in a finely 
granular state, and is sometimes found in fibrous masses. Compact 
specimens, although occasionally met with, are of comparatively rare 
occurrence. Its colour and streak are lead-grey ; fragile ; lustre metallic ; 
specific gravity from 7*3 to 7*7. When pure, it contains lead 86*55, and 
sulphur 13*45 per cent., corresponding to the formula, PbS. The lead 
in this mineral is invariably associated, to a greater or less extent, \vith 
silver. When silver is present in considerable quantity the ore receives 
the name of argentiferous galena, and becomes a valuable source of that 
metal. 

The analysis of an argentiferous galena from Schemnitz afforded 
Beudant the following results : — 

PI) 79*60 

Ag 7*00 

S 13*40 

100*00 


or about 2,300 ounces of silver 

per ton of ore. This 

is rarely realized for 

any large quantity of ore ; the 

average yield of lead and silver of galena 

from different districts, as prei)ared for the smelter, being as follows : — 

Lead, per cent. Silver, ounces per tuu. 

North of England 

. 70-77 

8 »3 

Linares, Spain 

. 70 

10 

Harz 

62 

30 

Freiberg 

55 

45 

Isle of Man . 

. 75 

20-60 

Cornwall 

. 70 

50 

Przibram 

. 49 

100 


In addition to sulphide of silver, galena sometimes contains variable 
quantities of antimony. This suLstance appears to alter in a certain 
degree the character of the mineral; those specimens of which the laminae 
are curved, as well as those which present a bright steely fracture, often 
contain antimony. 

Galena occurs in granite, limestone, in argillaceous, and in sandstone 
rocks, and is frequently associated with ores of copper and zinc. Tlie 
matrix on which this ore has been deposited is, in the majority of cases, 
either quartz, calcite, fluor-spar, or barium sulphate. The lead mines of 
the West of England occur in clay-slate ; those of Derbyshire and the 
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l^orth of England are principally in limestone, as are also the exten- 
•sive deposits of Bleiberg and of the neighbouring districts. In the 
Upper Harz, and at Przibram, in Bohemia, the lead mines are in clay- 
slate ; at Freiberg, in Saxony, in gneiss ; at Sala, in Sweden, in crystal- 
line limestone ; and at Leadhills, in Scotland, in the older grits. Valuable 
deposits of galena are worked in various parts of France, and particularly 
at Huelgoet and Poullaouen, in Brittany ; at Pontgibaud, Puy-de-D6me ; 
and at Vialas, in the department of Lozfere. In Spain, sulphide of lead 
is found in Catalonia and Granada, in the granite hills of Linares, pro- 
vince of Jaen, and elsewhere. Galena occurs in Belgium; in Savoy; in 
Bohemia, at Joachimsthal, where the ore is principally worked for silver ; 
and in Siberia, where argentiferous galena occurs in limestone in the 
Uaouria Mountains, Extensive deposits of this ore are likewise found 
in United States of America. 

Cuproplumhite is a variety of galena containing 24*5 per cent, of 
sulphide of copper. It is a rare mineral, obtained from Chili. 

Dufrenoyaite is a sulpharsenide of lead of a dark steel-grey colour, 
from the dolomite of St. Gothard. 

Selenide of Lead or Clausthalite, is a mineral of a lead-grey colour and 
granular fracture. When heated before the blowpipe it gives off the 
odour of horse-radish. It occurs in quantities too small to render it of 
practical value as an ore of lead. 

Cbrxjsbitb; Carbonate of Lead; Plomh carbonate; Wembleierz, 
Rhombic. — This mineral generally possesses a white colour and an ada- 
mantine lustre. It is found in crystals analogous to those of aragonite, 
in radial and compact masses, in concretions, and in amorphous deposits. 
All these varieties, with the exception of that last-mentioned, possess 
the peculiar lustre belonging to white lead. It sometimes happens that 
crystallized specimens of this substance are nearly black; this arises 
from the presence of small quantities of sulphide, probably due to the 
action of sulphuretted hydrogen, resulting from the decomposition of 
galena, with which carbonate of lead is generally found associated. It is 
an extremely brittle mineral, and when amorphous exhibits a conchoidal 
fracture. When treated with nitric acid it dissolves with evolution of 
CO 2 ; before the blowpipe it decrepitates, but when heated on a char- 
coal support affords a button of metallic lead. Its specific gravity varies 
from 6*46 to 6*58. 

Two specimens of this mineral afforded on analysis the following per- 
centage results : — 



Crystals from 
Leadhills. 

By Klaproth. 

Crystals from 
Teesdale. 

By J. A. Phillips. 

PbO .... 

82 

88-55 

00a ... . 

16 

16-62 


98 

100-07 
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This is a carbonate of lead, having the formula PbCOa or PbO.COj. 
The amorphous and friable varieties are generally more or less contami- 
nated with siliceous and earthy impurities. Cerussite is found in splendid 
ciystals at Leadhills, at Wanlock Head, in Derbyshire, and in some of 
the Cornish mines, as well as in many other localities. Wlien abundant 
it forms a valuable ore of lead, sometimes yielding above 75 per cent, 
of that metal. Prom its dissimilarity to the other ores of lead, it was 
for a long time considered by miners to be of no value ; large quantities 
which had been formerly buried in rubbish were subsequently excavated 
and worked with great advantage in many of the Spanish mines, as also 
at different points in the valley of the Mississippi, and at Leadville, 
Colorado, United States of America. 

Anglesite; Sulphate of Lead; Plomh mlfate; Bleivitnol, Rhombic. 
— The crystalline forms are closely allied to those of heavy spar, and are 
often slender and implanted. Specimens of sulphate of lead in amor- 
phous masses and in lamellar and granular fragments are also found. 
It is colourless, sometimes inclining to grey or green. Lustre adaman- 
tine, vitreous, or resinous. May be either opaque or perfectly tran 
sparent. MTien pure, it consists of 73 per cent of oxide of lead, and 
27 of sulphuric anhydride. If heated with sodium carbonate before the 
blowpipe it affords a globule of metallic lead. Its composition is repre- 
sented by the formula PbS04, or PbO.SOjj. This mineral is generally 
associated with galena, by the oxidation of which it appears to be formed. 

Fine specimens of this ore are found at Parys Mountain, Leadhills, 
and Wanlock Head, as well as at Huelgoet in France, in the Island of 
Sardinia, and in the States of Missouri and Wisconsin in America ; but 
it does not often occur in sufficient quantities to be regarded as an 
important ore of lead. Its density is about 6*3. 

Linariie is a blue hydrated double sulphate of lead and copper, 
sparingly found at Leadhills and at Eoughton Gill. 

PvBOMOBPHiTE ; Phosphate of Lead ; Plomh phosphate; Buntbleierz. 
Hexagonal — This mineral occurs in hexagonal prisms, of a bright, green 
or brown colour, which have a lateral cleavage, and are often nearly 
transparent. It has a specific gravity varying from 6*5 to 7*1, and 
affords a white streak. 

Besides being found in crystals, it sometimes occurs in mammillary 
and reniform masses, with a radiated structure. In its purest state this 
mineral is composed of PbO 74*1, P2O5 15*7, Pb 7*6, and CL 2*6 per cent. 

This composition indicates the pro|>ortion of three molecules of 
phosphate of lead to one of chloride of lead; formula 3(3Pb0.P30^). 
PbClj, or Pb5(P04)3CL Phosphate of lead is found in many of the lead 
mines in this country ; and particularly in those of Cornwall, Leadhills, 
and Wanlock Head. The phosphate of lead from Huelgoet, in Brittany, 
contains alumina. 

Mimetisiie^ Kampylite, and Hedyphane are arsenates of lead, much 
resembling in appearance the phosphate of that metal, but when heated 
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evolving the odour of garlic. They are analogous in crystalline form and 
chemical constitution to Pyromorphite P 2 O 5 , being replaced by AsjOs, 
and PbO to some extent by CaO. 

Chromate of Lead is a mineral of a bright red colour, which crystal- 
lizes in rhombic prisms, and blackens before the blowpipe. When 
heated on charcoal it forms a shining slag containing numerous globules 
of metallic lead. It has a specific gravity of about 6*0. 

A specimen of chromate of lead, analyzed by Berzelius, gave the 
following results : — 

PbO 68*50 

CrO« 31*50 

This mineral is a simple chromate expressed by the formula 
PbCr 04 , or PbO-CrOg. Chromate of lead is the “chrome-yellow” of 
painters, but is for this purpose artificially prepared by adding a solu- 
tion of chromate of potassium to a soluble salt of lead. Native chromate 
of lead occurs in small quantities only, and is chiefly obtained from 
Brazil and from Beresof in Siberia. Melanochroite is another chromate 
of lead, and V auquelinite is a chromate of lead and copper. 

Wulfeniie or Molybdate of Lead is a very brilliant yellow mineral, 
crystallizing in tetragonal forms. It is of the composition PbO.MOs, 
with PbO 61*4 and MO 3 38*6 per cent. It occurs most abundantly at 
Bleiberg, Carinthia, and in Utah and Nevada, and is the principal source 
of molybdic acid. 

Plumbo-resivite is a rare ore of lead, obtained at Huelgoet, in Brit- 
tany, and from the Missouri mines in the United States of America. A 
specimen of this substance from Huelgoet, analyzed by Berzelius, was 
found to be constituted as follows : — Oxide of lead, 40*14 ; alumina, 
37-00; water, 18*80; insoluble gangue, 2*60. This mineral has a 
yellowish or reddish-brown colour, and possesses a lustre much re- 
sembling that of gum arabic. 

The other minerals containing lead are very rare, and in no instance 
occur in sufiicient abundance to allow of being treated as ores of this 
metal. 

Distribution of Lead Orbs. 

The ores of lead are abundantly distributed through the geological 
series, but appear to be most abundant in rocks of Silurian and Car- 
boniferous age, and frequently occur in deposits which cannot be regarded 
as true veins. Lead veins are often rich in one stratuin of rock, and 
become suddenly impoverished on entering another differing from it in 
composition. Galena always contains a certain amount of silver, but 
lead ores are not, generally, argentiferous to any considerable extent, 
unless they occur in crystalline or metamorphic rocka ^ The more argenti- 
ferous ores are, for the most part, found in true veins occurring in the 
older rocks, and these, although not so productive for lead as deposits in 
limestone, are generally more persistent in depth. 
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The ores of lead found near the surface embrace various oxidized 
combinations, resulting from the decomposition of galena ; among these 
carbonate, sulphate, and phosphate of lead are the most common. 

The lead-producing districts of the United Kingdom are scattered 
over England, Wales, Scotland, and Ireland ; but that of the north of 
England is, from tlio quantity of ore raised, the most important. It lies 
chiefly in the vicinity of Alston Moor, where the three counties of North- 
umberland, Durham, and Cumberland meet, and where the ore is obtained 
from veins enclosed in Carboniferous Limestone. A nearly horizontal 
bed of eruptive rock, known to the miners as the “ Whin Sill,” is inter- 
calated between the limestone in an irregular manner. The principal 
workings are on rdke-veinSy or true lodes ; but there are other classes of 
deposit, known respectively as pip€-vei7iSy JIat-veinSy &c. 

Rake-veins commonly exhibit the usual characteristics of regular 
veins, although they do not always descend through the strata in an 
uninterrupted course, but are arranged in zigzags, one portion having a 
general parallelism with other parts of the same vein above or below it, 
and being connected witli it by horizontal deposits. 

The lead-region of Derbyshire is in many respects similar to that 
above described, but is more complicated in its details, being much 
broken up by faults ; and instead of one bed of eruptive rock, as in 
Cumberland, tliere are three. The ordinary gangue of tliese veins is 
calcite, fluor-spar, and barium sul])hate. 

The lead mines of Cornwall and Devon are worked on true veins, and 
the ores raised contain a notable amount of silver, but the production has 
of late years considerably fallen off. At the time Lorlase wrote (1758) 
only one lead mine was worked in Cornwall, and in 1839 the whole 
produce of the county was somewhat below 180 tons. In the years from 
1845 to 1850 over 10,000 tons were annually raised, from 3,000 to 
4,000 tons of metallic lead being produced annually from East Huel Rose 
alone. This mine has long since ceased to be j)roductive, and accord- 
ing to ^Official statistics, the present annual production of Cornwall is 
about 350 tons of lead, containing 2,500 ounces of silver. In Devonshire 
the Combe Martin and Beer Alston Mines, which formerly yielded ores 
containing from 80 to 140 ounces of silver per ton, have long since ceased 
to be extensively worked. Tlie Snailbeach Mines in the county of Salop, 
the Grassington Mines in Yorkshire, and the Minera Mines in Denbigh- 
shire, have been celebrated for their large production. 

The lead-region of Cardiganshire ard Montgomeryshire extends over 
a length of about forty miles, and varies from five to twenty-two miles 
in width. The usual strike of the lodes, which are enclosed in rocks of 
Silurian age, is east-north-east ; the gangue consists chiefly of fragments 
of slate cemented together by quartz and calcite. 

The total quantities of lead ore raised and sold in the United Kingdom 
during 1885, and of lead and silver produced therefrom, were as 
follow ; — 
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Lead ore 51,302 tons. 

Lead 87,687 „ 

Silver 820,520 ounces. 

In Belgium, galena and other ores of lead are found, associated with 
zinc, in limestone. The annual production of the country is probably 
equivalent to about 2,500 tons of lead. 

In Germany, lead mines of some importance are worked in the Siegen 
district. The veins of the Upper Harz are concentrated in two principal 
groups, one near Clausthal, and another in the vicinity of St. Andreas- 
berg. In the neighbourhood of Clausthal and Zellerfcld the veinstone is 
chiefly made up of a breccia of country rock cemented together by calcite, 
carbonate of iron, quartz, and heavy spar. The most abundant ore is 
argentiferous galena, with small quantities of copper ore and blende ; in 
some cases the ores widen out into a stockwork 300 feet in width, and 
from such aggregations of narrow veins, rich returns of ore are not 
unfrequently obtained. The system of veins in the neighbourhood of 
St. Andreasberg is included within a space about a mile in length and 
two-thirds of a mile in width ; in addition to argentiferous galena, they 
yield silver ores proper, including pyrargyrite and light-red silver ore. 

Besides the mines of St. Andreasberg and Clausthal, there are in the 
Harz those of Eammelsberg, situated in the neighbourhood of Goslar. 
Here the principal bed of ore dips in the direction of the enclosing slates, 
and, at a depth of about 40 feet, sends off a branch at a considerably 
less angle. The length of this deposit is about 1,800 feet, and its greatest 
thickness 150 feet, but these dimensions decrease in deptL This re- 
markable deposit is almost entirely composed of sulphides of iron, zinc, 
lead, and copper, 'Nvithoiit any notable admixture of gangue. There are 
also extensive workings in the great lead-bearing sandstones of Commern 
and elsewhere, in Khenish Prussia, where from rock yielding only IJ to 
2 per cent, nearly 55,000 tons of lead are annually produced. 

In Nassau lead ores are raised from a group of veins extending from 
Holzappel on the Lahn to Welmich and Werlau on the Khine ; about 
thirty small mines are worked on these veins, and are estimated to yield 
800 tons of lead annually. 

The total production of lead ore in Germany was, in 1881, about 
164,000 tons. 

A considerable portion of the lead produced in the Austrian Empire 
is obtained from the mines of Bleiberg and Raibl in Carinthia. The 
village of Bleiberg is situated near Villach, in the Carinthian Alps, and 
mines extend from Bleiberg along the valley of the Nbtsch to a distance 
of five miles. The ore, which is galena and carbonate of lead, with 
blende and calamine, occurs in deposits in a rock believed to be of the 
age of the Muschelkalk. 

At the important mines of Przibram in Bohemia the galena forms 
contact-deposits on the sides of dioritic veins occurring in rocks of Lower 
Silurian age. The metalliferous portions of these veins, which are gene- 
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rally too poor to repay the expense of working until a depth of fifty 
fathoms has been attained, consist of a mixture of galena, sulphide of 
antimony, blende, and iron pyrites, with a little grey copper ore. The 
total average production of the Austrian Empire is estimated at about 
9,000 tons of metallic lead annually. 

The annual production of lead in Russia, Sweden, and Norway is 
comparatively smalL 

Spain has long been celebrated for her lead mines, which have been 
described by Strabo, Diodorus, and Pliny, as exceedingly numerous and 
extensive. Under the Moorish dominion mining operations were con- 
ducted with considerable activity, but uj>on their expulsion from the 
country the art appears to have rapidly fallen into decay. 

The discovery of America and of its mineral riches, which took place 
shortly after the departure of the Moors, caused the mines of Spain to 
be comparatively neglected ; but after the loss of her American colonies 
it was found necessary to make an effort for the development of her own 
mines. By a decree of Ferdinand VII. the mines of Spain were, in 

1825, laid open on tolerably liberal conditions to the enterprise of all, 
whether natives or foreigners, and in 1849 this law was supplanted by a 
new one, by w’hich still further privileges were conferred. 

One of the first points to which Spanish mining enterprise was 
directed, after the promulgation of the ordinance of 1825, was the lead- 
district of the Sierra de Gador, in the province of Almeria, where, in 

1826, operations had been commenced on above three thousand different 
grants. For a time the production of this region was very large ; in the 
year 1827, according to "Whitney, these mines yielded 42,000 tons of lead, 
thereby so reducing the price that the miners entered into a mutual 
agreement to work during one-half the year only. These deposits are 
not in veins, and are compared by Le Play to an immense amygdaloid, in 
which the paste is Umestone and the amygdules galena. The limestone 
is of Silurian age. 

From the nature of the deposits, it is evident tliat so large a produc- 
tion could not be continuously kept up ; and from 1827, when it attained 
its highest point, the falling-off was rapid ; at the present time these 
mines are considerably less productive than formerly. 

At present the principal lead-producing districts in Spain are Linares, 
in the province of Jaen, Cartagena and Mazaron in the province of 
Murcia, and various raining fields in the province of Almeria.^ Lead ore 
is also produced in the provinces of Granada, Estremadura, Badajoz, and 
to a small extent in some of the northern provinces. The Linares dis- 
trict may be said to embrace the neighbouring districts of Baileu, Bafios, 
Vilches, La Carolina, and Santa Elena, an area of about 84 square miles ; 
but two-thirds of the production comes from Linares proper, an area of 
not more than 20 square miles. The veins in the Linares district occur 

1 Mr. T. Sop with has kindly fumlBhed much information relative to the production 
of pig-lead in Spain. 
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principally in granite, those in the neighbouring districts in clay-slate. 
The ore obtained is galena, which is dressed up to 75 or 78 per cent, of 
lead, and contains from 6 to 10 ounces of silver per ton of ore. So-called 
carbonates are also produced, which, although containing a certain amount 
of earthy carbonate of lead, depend principally for their value on partially 
decomposed galena ; they are chiefly obtained from the smaller mines 
insufficiently supplied with washing apparatus, and contain from 45 to 
60 per cent, of lead. A certain amount of slag is also obtained from 
washing the heaps left by the ancients ; their tenure in lead, when sold, 
being from 30 to 50 per cent. 

The production of the entire Linares district is not less than 90,000 
tons of galena per annum, to which may be added 10,000 tons of car- 
bonates and 10,000 tons of slags. The carbonates and slags are nearly 
all smelted at Cartagena. 

The Cartagena district may be said to include Herrerias, Porman, 
Mazaron, Aguilas, Cabo de Gato, Sierra Almagrera, and others. When 
Cartagena stood at the head of the list of Spanish lead-producing dis- 
tricts slags were the principal source of the metal. Including what is 
received from Linares, about 30,000 tons of pig-lead are now produced 
annually, principally from earthy carbonates found in layers in the lime- 
stone rock. Excluding imports from Linares, it is not probable that 
more than 8,000 to 10,000 tons of galena are smelted. The carbonates 
of, say 20 per cent, produce, are reduced, partly in numberless little 
smelt-mills scattered all over the district, and also at Escombrera, three 
miles from Cartagena, as well as at Cartagena itself, where there are 
large smelting establishments. 

Almeria, including Motril, Guadix, Sierra de Baza, Solana, Berja, <fec., 
has greatly diminished its production within the last ten years. It for- 
merly produced nearly 80,000 tons of ore annually ; its present production 
may be 10,000 to 15,000 tons of galena, yielding about 78 per cent of lead. 

The three districts named are the only ones in which mines are 
worked on a large scale ; an additional 7,000 or 8,000 tons will cover all 
the remaining production of Spain. The total production of the country 
is believed to be nearly as follows : — 

Tons of Pig^-lead. 

Linares, exclusive of slags and carbonates . . 60,000 

Cartagena, including galena slags and carbonates ) oq 

from Linares ( * 

Almeria 30,000 

Other districts, 8,000 tons at 76 per cent, (or 70 ) 
per cent, nett) ( * 

125,600 

Say, 120,000 tons of pig-lead annually. 

It is not probable that the production will continue at this figure, 
as the low prices of lead which have ruled from 1880 to 1885 do not 
enable lead ores which do not contain a considerable amount of silver 
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to be worked with profit. The production of late years has been kept up 
in a large measure by attacking the reserves of ore left in former times. 

Of the 60,000 tons raised at Linares (nearly one half of the produc- 
tion of Spain) about one half is smelted in the district, and tlio remainder 
is carried to Cartagena and Almeria, and there smelted with the argenti- 
ferous ores and fluxes found on the south coast, or to Germany. The 
latter country takes from 10,000 to 12,000 tons of lead ore from Spain 
annually. 

In the Piedmontese Alps the mines of Pesey and ^lacot have been 
worked during the last 1 50 years, and, together with that of Saint J ean 
de Maurienne, produced, according to Burat in 1846, about 250 tons 
of lead and 1 9,000 ounces of silver annually. In the island of Sardinia 
there are numerous mines, producing considerable quantities of lead 
and silver. Thirtj’-nine different mines were in operation in 1872, 
their annual production of lead being about 14,000 tons, containing 
364.500 ounces of silver; in addition to this, Sardinia afforded about 900 
tons of lead and 15,000 ounces of silver, obtained by smelting Roman 
and other slags. 

The annual produce of the kingdom of Italy is estimated at 37,500 
tons of argentiferous lead ore. 

In 1881 Greece exported 11,700 tons of pig-lead, of which a largo 
proportion was obtained from the ancient slags of I-,aurium. 

The most important mines of argentiferous galena in France are 
those of Pontgibaud in the Puy-de-D6me. The ore, which is much 
mixed with silica, contains a large amount of silver, and is smelted in 
blast-furnaces, after having been subjected to a })relim inary roasting. 
The annual yield of the Pontgibaud mines is about 1,400 tons of lead 
and 145,000 ounces of silver; the total annual yield of lead ores in 
France is estimated at 14,000 tons, containing 185,000 ounces of silver. 

The principal lead deposits of the United States of America were 
formerly situated in the Mississippi Valley, and were embraced in tlie 
States of Illinois, Wisconsin, Iowa, and Missouri. 

Attention was first directed to the lead deposits of America by the 
famous expedition of Le Sueur, who, in his voyages uj» the Mississippi 
in 1700 and 1701, noticed many lead veins along its banks. The mines 
of Missouri had, however, been worked for some time before any further 
attention was given to the comparatively remote region of the Upper 
Mississippi ; but in the year 1788 a Frenchman, Julien Dubuque, who 
had settled in the district, commenced mines on the western bank of the 
river on a tract of land which includes the now flourishing town of 
Dubuque. The principal mining centres are Galena in Illinois ; Mineral 
Point, in Wisconsin ; and Dubuque, in Iowa. The lead is almost exclu- 
sively found in a certain portion of the Lower Silurian formation, and 
there are no deposits in the Valley of the Mississippi which can bo con- 
sidered as coming under the head of true veins. The lead of this 
region is extremely poor in silver, seldom containing much above one 
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Numerous true veins containing galena occur in the Eastern States of 
North America ; but although these afford ores which are richer in silver 
than those of the deposits of the Mississippi Valley, they are but little 
worked, and their yield of lead is comparatively small. 

Of late years large deposits of argentiferous lead ores have been dis- 
covered in Utah, Nevada, Colorado, Montana, and Idaho ; and a very 
large portion of the lead now annually produced in the United States is 
obtained from those regions. 

The present annual production of lead in the United States is 

133.000 tons, and the total production of the world is probably about 

450.000 tons. 


Assay of Lead Okes. 

The ores of lead may, for the purposes of assay, be divided into two 
classes. 

The first class comprehends all ores of lead and other plumbiferous 
substances which contain neither sulphur nor arsenic, or in which these 
bodies are present in small proportion only. 

The second class comprises sulphide of lead, or galena, together with 
all lead ores containing either arsenic, phosphorus, or sulphur. 

From the facility with which lead is volatilized when strongly heated 
it is necessary to conduct the assay of its ores at a moderate temperature, 
as a notable quantity of the reduced metal would otherwise be driven off 
in the state of vapour. 

The furnace best adapted for making lead assays is constructed 
similarly to that used for the assay of the ores of iron and copper, but 
may be of somewhat smaller dimensions. For this purpose, the internal 
cavity for the reception of fuel should be about 9 inches square, and the 
height of the throat from the fire-bars about 13 inches. 

A furnace of this kind should be connected with a chimney of at 
least 20 feet in height. ^Moderately hard coke, broken into pieces of 
about the size of hens^ eggs, is the most convenient fuel. 

Assay of Ohes of the First Class. — The assay of ores belonging to 
this class is a simple operation, care being only required that a sufficient 
amount of carbonaceous matter be added in order to effect the complete 
reduction of the metal, while such fluxes are supplied as will afford, 
by combining with the siliceous and earthy matters present, a liquid and 
readily fusible slag. The mineral to be assayed is first pounded in an 
iron mortar and passed through a sieve of wire-gauze. Those portions 
which remain on the meshes are again crushed until the whole has been 
passed through, since, if this were not attended to, a fair sample of the 
ore could not be obtained; as the more sterile portions, being usually the 
hardest, are the last to become sufficiently reduced in siza 

When the ore has been properly ground, 400 grains may be weighed 
out and well mixed with 600 grains of dry sodium carbonate, and from 
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40 to 50 grains of powdered charcoal, according to the supposed richness 
of the mineral. 

This is now introduced into an earthen crucible of such a size as to 
be not more than one-half filled by the mixture, and on the top of the 
whole is placed a thin layer, either of sodium carbonate or of common 
salt. The crucible with its contents is then placed in the furnace and 
gently heated, care being taken so to moderate the temperature that the 
mixture of ore and flux, which soon begins to soften and enter into 
ebullition, may not swell up and flow over the sides. If the efferves- 
cence becomes too strong, it must be checked by partially removing the 
crucible from the fire, and by a due regulation of the draught by the 
damper. 

When the boiling has subsided and gas is no longer given off, the 
heat is again raised during a few minutes and the assay completed. 
During the process of reducing the metallic oxide or carbonate the heat 
should not exceed dull redness ; but in order to complete the operation 
and render the slags sufficiently liquid to admit of the accumulation of 
the lead in one button at the bottom of the crucible the temperature must 
subsequently be increased to bright redness. 

When the contents of the pot have been reduced to a state of tranquil 
fusion, it must, by the aid of proper tongs, be removed from the fire, and 
the assay poured into an iron mould ; or, after having been tapped gently 
against some hard body, to collect the lead in a single globule, it may be 
set aside to cooL ^Vhen the operation has been successfully performed, 
the cooled slag will present a smooth concave surface, with a distinct 
vitreous lustre. As soon as tlie crucible has become sufficiently cold it 
is broken, and the button of lead extracted. To remove from the metal, 
obtained either from the mould or by breaking the crucible, the particles 
of adhering slag, the button is hammered on an anvil, and afterwards 
washed and rubbed with a hard brush. If any portions of the slag adhere 
so firmly as not to admit of being easily removed by mechanical means, 
it may, in most instances, be separated by placing the button for a short 
time in a little dilute sulphuric acid, by which the slag is dissolved, 
whilst the metallic button remains unaffected. When the ore has been 
properly fluxed and a liquid slag obtained, the whole of the metallic lead 
will have collected in one mass at the bottom of the pot. 

Instead of employing sodium carbonate and powdered charcoal, tlie 
substance to be assayed may be fused with twice its weight of black flux, 
and the mixture slightly covered by a thin layer of borax. Very good 
results are also obtained by mixing together — 

400 grains of plumbiferous matter, 

500 ,, car)x}nate of sodiimj, and 

200 ,, crude tartar. 

These ingredients, after being perfectly incorporated, are placed in an 
earthen crucible and covered with a thin layer of borax. 
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The three foregoing methods yield equally good results, and afford 
slags containing but a very small portion of lead. 

The assay of very rich lead products belonging to this class may be 
conducted without the use of any kind of flux, as, when heated to red* 
ness in a lined crucible, they are readily and completely reduced. It is, 
however, desirable in all cases to add about 10 per cent, of sodium car- 
bonate, by which the adherence of any metallic globules to the charcoal 
lining is prevented. This method, although requiring a longer time than 
those already described, does not, even when rich ores are operated on, 
afford more satisfactory results. 

When the substance operated on contains, in addition to lead, other 
metals — such as copper, silver, tin, or antimony — the button obtained 
will retain a greater or less proportion of these metals. If zinc be 
present in the ore, traces only of that metal will be discovered in the 
resulting button of lead. For commercial purposes the button of lead is 
seldom subjected to chemical examination, as the purity of the metal is 
usually judged of in accordance with its colour and softness ; but when 
a more accurate knowledge of its constituents is required, it must be 
made to undergo the usual routine of analysis. The carbonates of lead 
are the only important minerals belonging to this class. 

Assay of Ores of the Second Class. — This class not only compre- 
hends galena, which is the most common and abundant ore of lead, but 
also comprises the sulphides resulting from various metallurgical processes, 
as well as the sulphates, phosphates, and arsenates of that metal. 

The assay of galena is variously conducted, but one of the following 
methods is most commonly employed for commercial purposes. 

The ore to be examined, after having been properly crushed and sifted, 
is fused, either — 

1. With sodium carbonate or black flux ; 

2. With metallic iron ; 

3. With sodium carbonate or black flux and iron ; or, 

4. With a mixture of nitre and sodium carbonate. 

First Method : Fusion with an Alkaline Flux , — This operation is con- 
ducted in an earthen crucible, which is to be left uncovered until its 
contents have been reduced to a state of tranquil fusion. 

The powdered ore, after being mixed with three times its weight of 
dry sodium carbonate, is slowly and gradually heated in an ordinary assay 
furnace until the mixture has become perfectly liquid, when the crucible 
is removed from the fire, and, after having been gently tapped to collect 
any globules of metal which may be in suspension in the slag, is set 
aside to cool. When cold, the crucible may be broken, and a button 
of metallic lead, which must be cleaned and weighed, will be found at 
the bottom. 

Instead of sodium carbonate, either carbonate of potassium or black 
flux may be used ; but when the last-named substance is employed a 
little longer time is necessary for the complete fusion of the mixture. 

2 0 
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Every 100 parts of pure galena will, by this method, ^afford from 76 to 
77 parts of metallic lead, indicating a loss of from 7 to 9 per cent on the 
contents of the ore. 

Some of the older assayers were in the habit of partially expelling 
the sulphur by roasting, and afterwards reducing the resulting oxide with 
about its own weight of black flux. 

This process, from the easy fusibility of the sulphides and oxides 
of lead, requires very careful manipulation, and, at best, the results 
obtained are far from satisfactory. Pure galena, by this method, can 
rarely be made to afford above 70 per cent, of metallic lead. 

Second Method: Fimonmth Metcdlic Iron , — This process depends on 
the circumstance, that when galena is fused in contact with metallic 
iron, that metal becomes converted into ferrous sulphide, whilst the lead 
originally combined with the sulphur is liberated. The amount of iron 
actually required for the decomposition of pure sulphide is about 22 *5 
per cent. ; but it is advantageous, in practice, to adil a small excess 
of this metal, and 30 parts of iron to every 100 parts of galena may 
therefore be employed. 

The iron used should be either in the form of small nails or in that 
of wire cut into short pieces. This mixture of ore and metallic iron is 
placed in a clay crucible, of which it should not fill above two-thirds the 
capacity, and is covered with a thin layer of either sodium carbonate or 
borax. The crucible with its contents is afterwards heated to full red- 
ness, by which a well-fused and perfectly liquid slag is produced. When 
the contents of the pot are in a state of tranquil fusion, it is removed 
from the furnace and allowed to cool. It is then broken, and at the 
bottom will be found a button, which at first sight appears to have 
throughout a uniform composition, but on being struck with a hammer 
separates into two distinct parts. The upper portion consists of sul- 
phide of iron, which crumbles under the hammer and is readily removed ; 
while the lower part is a button of malleable lead, which must be cleaned 
and weighed. This process affords, from pure galena, about 78 per cent, 
of metallic lead. The loss appears to arise principally from the volatility 
of galena, which begins to be driven off at a lower temperature than is 
required for its decomposition by iron. 

In North Wales this method of assay is sometimes conducted in a 
manner somewhat different from that described. Instead of adding 
finely divided iron to the ore, the pounded mineral is heated, without the 
addition of any kind of flux, in a ladle made of that metal This ladle 
or dish is formed out of a thick piece of plate-iron, and is provided with 
a lip, by which the reduced metal is poured off, and with four projecting 
comer-pieces, which afford a holdfast for the tongs by which it is 
removed from the fire. The ore to be operated on is first coarsely 
powdered and well mixed, so as to ensure a fair sample. Eight ounces 
are now weighed out and placed in the dish, which is covered with a lid 
of sheet-iron, and gently heated in the fire of a smith’s forge until the 
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ore ceases to decrepitate. The temperature is then raised to full redness, 
and at the expiration of about five minutes the decomposition of the 
sulphide will be completed. At this point the dish is removed from the 
fire and the reduced lead poured into a cast-iron mould, while the slags 
and sulphide of iron formed are kept back in the dish by a piece of 
wood held behind the spout for that purpose. The dish, together with 
the slags and iron sulphide, is afterwards again placed on the fire and 
heated to bright redness during another five minutes, by which the last 
portions of metallic lead adhering to the slags are obtained. The con- 
tents of the dish are now thrown away, as not containing any lead, 
while the metal which has been run off is carefully weighed. This 
apparently rude method affords, in experienced hands, remarkably good 
results, which are likewise considered to approach very nearly to the 
practical returns obtained during metallurgical treatment on the large 
scale. By this process, pure galena yields from 79 to 83 per cent, 
of lead; but with the poorer varieties of ore, such as those obtained 
from some of the Cornish mines, satisfactory results could not be ob- 
tained, since, from the infusibility of the associated gangue, &c., a 
considerable amount of lead would be retained in the slag. The ladles 
used for this purpose are rudely made of plate-iron, which, if about 
one-fourth of an inch in thickness, will last during three or four separate 
trials. 

Third Method : Fusion with Sodium Carbonate or Black Flux and 
Metallic Iron . — When galena and sodium carbonate are fused together out 
of contact with the air, a large proportion of the lead is liberated in the 
metallic form, but the slag retains a certain amount of that metal in 
the state of a double sulphide of lead and the alkali-metal. 

If iron be now introduced, the sulphide of lead contained in the 
slag will be decomposed ; metallic lead is liberated, and the slag contains 
a double sulphide, in which iron will have replaced the lead formerly 
present. The earthy and siliceous matters constituting the gangue are 
also dissolved in the slag without, to any great extent, impairing its 
fluidity. 

The quantity of black flux or sodium carbonate employed varies with 
the richness of the ore operated on ; but even for the poorest varieties 
two parts of the alkaline reagent will be found sufficient. The iron, 
which is merely used to separate that portion of the lead which has been 
dissolved by the alkali in the state of sulphide, need not be present in 
sufficient amount to effect the reduction of the whole of the lead con- 
tained in the ore treated. Two parts of black flux or sodium carbonate, 
and from 10 to 15 per cent, of metallic iron, either in the state of filings 
or in the form of nails, will be found a convenient quantity for this 
purpose. 

When the fusion is made with black flux, and the iron is in the state 
of filings, it will be proper not to add too large an excess, especially if 
the assay be conducted at a high temperature, as in that case the result- 
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ing button of lead will contain iron. If, however, carbonate of sodium 
• be employed, the addition of a small excess of iron is attended with 
advantage, as it ensures the complete desulphurization of the galena with- 
out affecting the purity of the resulting lead. 

Iron filings, when employed for this purpose, are liable to become 
mechanically intermixed with the lead, and thereby, to a certain extent, 
falsify the results. This inconvenience is obviated by the use of small 
iron nails, which are corroded only on the outside, and, at the tennina- 
tion of the assay, are found fixed in the upper surface of the button, from 
which they can without difficulty be separated. Pure galena, when thus 
treated, yields from 75 to 78 per cent, of metallic lead. 

The following process is a slight modification of that long employed 
at the ficole des Mines, Paris. Two earthen crucibles are prepared by 
smearing their insides with black-lead, such as that used for stove 
polishing, and in each of these are placed, with their heads downwards, 
three or four large flooring-nails. Mix the ore to be assayed with its 
own weight of sodium carbonate, and, after having placed it in the pots, 
press it tightly down about the nails. On the top of this, jdace about 
half an ounce of common salt, and above it an amount of dried borax 
equivalent to the weight of the ore operated on. The whole is now 
introduced into the furnace and gradually heated to redness ; at the 
expiration of ten minutes the temperature is increased to bright redness, 
at which it is kept for another ten minutes, when the flux will be fused 
and will present a perfectly smooth surface. ^Vhen this has taken place, 
the pot is removed from the fire, and the nails are separately withdrawn 
by the use of a pair of tongs, care being taken to well wash each in the 
fluid slag until perfectly freed from adhering load. When the nails have 
all been withdrawn, the pot is gently ta])j>ed, to collect the metal into 
one button, and then laid aside to cool ; after which it is broken, ainl 
the button of lead removed and cleaned in tlie usual way. The result 
is then verified by a second assay, made in the other pot. 

"When carefully conducted, this process is said to aflbrd, from pure 
galena, from 84 to 84 1 per cent, of metallic lead. It is, however, liable 
to the objection, that the lead produced sometimes contains fragments of 
iron, arising from the nails being most energetically acted on at the point 
of contact between the flux and the galena, wliicli, when the slag becomes 
fused, occupies the lower portion of the crucible ; by this means portions 
of iron may become detached and adliere firmly to the button, from whicli 
there is sometimes difficulty in removiiig them. Tlie writer lias ne\er 
obtained by this process above 83 per cent, of metal from the ])urest 
sjiecimens of galena, but, notwithstanding, it affords results sufficiently 
accurate for many commercial purposes. In all cases where earthen 
crucibles are employed the assay may be poured into an iron mould, 
instead of breaking the pot; tlio crucible can be thus preserved and 
used for a second assay. 

In place of adding m<*tallic iron to the mixture of ore and flux intro- 
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duced into the crucible, it is better that the pot itself should be made of 
that metal. 

For this purpose, a piece of half-inch plate-iron, of good quality, is 
turned up in the form of a crucible and carefully welded at the edges ; 
the bottom is closed by a thick iron rivet, which is securely welded to 
the sides, and the whole is then finished up with a light hammer on a 
properly formed mandrel The crucible, when finished, should have the 
form represented in fig. 1 69. To make an assay in a crucible 
of this description it is first heated to dull redness, and, 
when sufficiently hot, the powdered ore, intimately mixed 
with about its own weight of a mixture of two parts of 
sodium carbonate and one part of dried borax, is intro- 
duced by means of a long copper scoop of the form repre- 
sented in fig. 170, and the crucible, which, for the introduction of the 
mixture, has been removed from the fire, is immediately replaced. The 
heat is now gradually raised to redness, during which time the contents 
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become liquid and give off large quantities of gas. At the expiration 
of from ten to fifteen minutes the mixture willj.be observed to be in a 
slate of trancpiil fusion, when the pot is partially removed from the fire 
and its contents are briskly stirred with an iron rod. 

Any matters adhering to its sides are also scraped down 
to the bottom of the pot, which, after being again 
jilaced in a hot part of the furnace, is closed with an 
earthen cover and heated during three or four minutes 
to somewhat bright redness. The crucible is then 
seized by strong bent tongs on that 
jiart of the edge which is opposite the 
projecting lip, a (fig. 169), and, after 
being removed from the fire, its con- 
tents are rapidly poured into a cast- 
iron mould, fig. 171. Another form 
of mould is represented in fig. 172. Fig. 172 . 

The sides of the pot are now care- 
fully scraped down with a chisel-edged iron bar, and the adhering 
particles of slag and of metallic lead are added to the portion first 
obtained, by sharply striking the edge of the pot, firmly held in the jaws 
of the tongs, against the top of the cast-iron mould. When sufficiently 
cold the contents of the mould are removed, and the button of lead, 
after having been separated from ^the adhering [slag, is carefully cleaned 




Vig. 171. 
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and weighed. By this process pure galena yields, on an average, 84 per 
cent, of metallic lead, free from iron, and perfectly malleable. Tliis 
method of assaying is that which is in almost universal use in lead- 
smelting establishments, and has the advantage of yielding good results 
with all the ores belonging to the second class. A larger amount of lead 
is, however, obtained by assay than can be produced from the same ores 
in the large way ; and on this account the smelter makes an allowance 
in accordance with the nature of the ore treated. 

Instead of using iron pots, or adding metallic iron to the ores, they 
may be fused with a mixture of black flux and oxide of iron ; this 
method, however, does not atford satisfactory results, and is not so con- 
venient as the processes in which an iron pot is employed. 

Fourth Method : Fusion icith Sodium Carbonate and Nitre . — When 
galena is treated with nitrate of potassium, the whole of its sulphur is 
converted into SO3, before any portion of the lead is oxidized ; and it 
consequently follows, that if a suitable amount of nitre were employed 
tlie desulphurization of the metal would be completely effected, and the 
whole of the lead obtained in the metallic state. To prevent any loss 
which might arise from the deflagration which takes place, the ore is 
mixed with twice its weight of sodium carbonate, and to this, in accord- 
ance with the richness of the ore, is added from 30 to 35 per cent, of 
nitrate of potassium. AVlien too large a quantity of nitre is employed, a 
portion of the metal will be oxidized and remain in the slag, causing a 
corresponding deficiency in the weight of the button obtained ; there- 
fore, as the proper amount can only be ascertained by repeated experi- 
ments, this process is but ill adapted for the assay of ores for lead. 

When, on the contrary, an ore contains silver, and that metal only is 
to be estimated, regardless of the amount of lead present, this process 
may sometimes be employed with considerable advantage, although it is 
generally less to be recommended than fusion with sodium carbonate 
and borax in a wrought-iron pot, as before described. The assay with 
nitre is very easily conducted. The fusion takes place readily, and 
without bubbling, and the slag, which is very liquid, contains no metallic 
shot. In conducting this operation, the amount of nitre should, if 
possible, be so arranged as to afford the largest quantity of metallic 
lead ; but it is of importance that enough to decompose the whole of the 
sulphide should be employed, since if the slag retain any unoxidized 
sulphur-compound a loss of silver may be experienced. When, on the 
other hand, too large a proportion of nitre has been used, the accuracy 
of the silver estimations will not be impaired, as lead alone is oxidized, 
and the whole of the silver will be contained in the metallic button. 

Assay of Galena containing Antimony. — Many of the ores of lead 
contain a certain proportion of antimony, and from' such minerals, ac- 
cording to Berthier, the assayer can obtain, at will, either pure lead, or a 
mixture of the two metals in the form of an alloy. 

To extract pure lead the ore may be fused in an open crucible, with 
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three times its weight of sodium carbonate, when the lead will be 
liberated in the metallic form, while the antimony, becoming oxidized, 
unites with the alkali and remains wholly in the slag. The presence of 
antimony in the slag also prevents its retaining any portion of the lead, 
and from this cause a tolerably exact separation of the two metals is 
obtained. 

When, in addition to lead and antimony, an ore contains silver, it 
should be assayed by being heated with a mixture of sodium carbonate 
and nitre, by which the antimony will be oxidized and retained in the 
slag, while the lead and silver are obtained in the state of an alloy. In 
this case it is only necessary to add a sufficient amount of nitre to effect 
the total decomposition of the sulphides, as even when the whole of the 
antimony and a portion of the lead have been oxidized no loss of silver 
is experienced; but when, on the contrary, the slags contain undecom- 
posed sulphide df antimony, a small portion of the silver is lost 

When it is required to reduce at the same time both the antimony and 
lead, the ore may be fused with a mixture of borax and sodium carbonate 
in an iron pot, in accordance with the process before described for assay- 
ing lead. 

Sulphate of lead is readily reduced by simple fusion with black flux 
and sodium carbonate in an earthen crucible ; but when phosphates and 
arsenates are present in ores of this metal their assay should be con- 
ducted in an iron pot, with a proper admixture of sodium carbonate and 
fused borax. 

Various methods have been proposed for the estimation of lead by 
standardized solutions, but none of them appears to have been successfully 
applied to the assaying of lead ores. 


Estimation op Silver in Lead Ores. 

From the amount of silver contained in many varieties of galena 
and other ores of lead it becomes necessary, ’in order to determine their 
commercial values, to ascertain with great exactitude their yield of this 
metal 

For this purpose, the button of lead, from any of the assay processes 
already described, is subjected to the operation known as cupellation. 
This process is founded on the circumstance that when lead containing 
silver is melted and exposed to a current of air at a red heat, oxide of 
lead is formed, which melts and covers the metal ; but if the operation 
is so conducted that the melted oxide or litharge is removed as it forms, 
the action continues until the whole of the lead is oxidized, and the 
silver is left in the metallic state. This is done in the assay furnace by 
the use of shallow thick-bottomed dishes made of bone-asli, a substance 
chemically indifferent to oxide of lead and impermeable to the metal, 
but susceptible of absorbing melted litharge in quantity. 
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These dishes, called cupels^ figs. 173 and 174, the first of which is a 
section, are made of bone-ash, slightly moistened with 
water, and tightly consolidated by pressure in an iron 

Fig 173. Tig, 174. 

A convenient furnace for cupellation is represented in 
figs. 175 and 176, of which the first is an elevation and the second a 
vertical section. The material of which this furnace is made is wrought- 



Fig 175, lig 170 


iron, lined with fire-tiles, as shown in the drawing. The muffle, m, 
is a small D-shaped retort of fire-clay, closed at one of its extremities 

only, and sometimes furnished with holes 
or perpendicular openings in the sides and 
end, in order to allow of a free circulation 
of air. Fig. 177 represents such a muffle 
before its introduction into the furnace. 
When fixed, it is so arranged that while 
Fig. 177 , one of its extremities is supported by a 

proper shelf the other corresponds with 
the opening d\ to the sides of which it is luted by a little moistened fire- 
clay. This position of the muffle allows of its being heated on every 
side by a supply of ignited fuel, while air entering by the opening, d\ 
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circulates through the interior. The cavity of the muffle is in this 
way traversed by a highly oxidizing current of air, and the draught 
of the furnace is increased by the addition of a sheet-iron chimney, c. 
To light this apparatus a little ignited coke or charcoal is introduced 
through the opening, d ; the furnace is afterwards filled with the same 
fuel, and all the openings, excepting the ash-pit, cr, are closed by their 
proper slides. When the charcoal or coke is properly ignited, and the 
muffle has become red hot, six or eight cupels, which have been warming 
on the ledge around the chimney, are taken by the tongs, fig. 178 , and 
placed on the floor of the muffle, which, to prevent its becoming corroded, 
if any lead should be spilt upon it, is previously covered with a thin 
layer of ground bone-ash. 



Fig. 178. 


The opening, d\ is again closed, so as to prevent the introduction of 
cold air, and the cupels are raised to the temperature of the muffle 
itself. When this is the case, the door is again removed, and into each 
of the cupels is introduced, by a pair of slender steel tongs, a button of 
the lead to be assayed. The door is now, a second time, closed during 
a few minutes, to facilitate the fusion of the metal, and on its removal 
each of the cupels is found to contain a bright convex metallic disc, 
in which state the assays arc said to be uncovered. The air thus admitted 
rapidly converts the lead into litharge, which, as fast as it is produced, is 
absorbed by the bone-ash of the cupel, and at the same time there arises 
a white vapour, which partially fills the muffle, and either escapes at 
the mouth, or is carried off through the openings in its sides. An annular 
stain, which gradually extends, is at the same time formed around the 
metal, and penetrates into the substance of the cupel, in proportion as the 
metallic globule itself diminishes in size. When nearly the whole of 
the lead has been thus converted into litharge, and has been absorbed, the 
remaining bead of rich alloy appears to become agitated by a circular 
movement, by which it seems to be made to revolve. At this stage of 
the operation the agitation will be observed suddenly to cease, and the 
button, after having for a moment emitted a bright flash of light, becomes 
white and immovable. 

This phenomenon is called the hriglitening of the assay, and a button 
of silver remains on the cupel. 

If the cupel were at this period abruptly removed from the muffle 
the metallic globule would be liable to sprout or vegetate, by which a 
portion of it is not unfrequently thrown off and lost, w^hile its surface is 
covered by numerous arborescent asperities. To prevent this from taking 
place, and to guard against the loss of metal which might ensue, the 
cupel on which the button of silver has brightened may be covered by 
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another, kept red hot for that purpose. The two are subsequently with- 
drawn together, and allowed to remain on the ledge before the muffle 
until the metal has become solidified, when the upper cupel may be 
removed, and the globule of silver detached and weighed. 

Prom the circumstance that silver is sensibly volatile at very elevated 
temperatures, it becomes necessary to make cupellations for this metal 
at the lowest heat by which the absorption of litharge can be deter- 
mined. If, however, the cupel be not sufficiently hot, an annular incrus- 
tation of crystalline litharge will accumulate around its edges, and if, at 
this point, the fire be not immediately attended to, the deposit of oxide 
spreads over the whole surface of the metal, and its further oxidation is 
arrested. 

The temperature best suited for this operation is obtained when the 
muffle and the enclosed cupels are at a full blood-red heat, and the 
vapours which arise from the alloy curl gradually away and are promptly 
removed by the draught. When the muffle is heated almost to whiteness, 
and the vapours rise to the crown of the arch, the temperature is too 
liigh, and when, on the contrary, the fumes lie over the bottom, and the 
sides of the openings in the muffle begin to blacken, more fuel must be 
added through the door, /, and the heat gradually raised. When the 
operation is conducted at a proper temperature, the cupel should be of 
a full-red colour, and the fused alloy bright and convex. At the com- 
mencement of the operation the heat must bo a little raised, for the 
purpose of fusing and uncovering the button, and just before the globule 
is about to brighten a slight elevation of temi)crature is again advan- 
tageous, but if a good red-heat has been kept up during the working of 
the assay, this is not necessary. 

The success of the operation is likewise influenced by the force of the 
draught passing through the muffle. When the current is too rapid, 
the cupel becomes cooled, and the lead is oxidized with greater rapidity 
than it should be. In this case the litharge produced is sometimes not 
absorbed by the test as fast as it is generated, and consequently the 
surface of the alloy is covered by a layer of lead oxide, by which it 
may ultimately become protected from further oxidation. When, on 
the contrary, the current is too feeble, the assay remains too long in the 
muffle. 

If an assay has been properly conducted, the button of silver is 
round, bright, and smooth on its upper surface, and beneath should be 
crystalline, and of a dead- white colour ; it is easily detached from the 
cupel, and readily freed from adhering litharge. This globule is now 
removed and squeezed between the jaws of a pair of pliers, ])y which 
the oxide of lead, which attaches itself to it, becomes pulverized, and 
is easily removed by a small brush made of stiff hogs’ bristles. The 
cleaned metallic bead is afterwards weighed in a balance capable of 
turning with grain. 

The fuel employed in the furnace above described, after it has once 
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got into steady action, consists of small pieces of hard coke. When, 
in addition to silver, ores of lead likewise contain gold, the button 
remaining on the cupel will consist of an alloy of these metals, the 
separation and estimation of which will be treated of under the head 
of parting when describing the assay of gold ores. 

In laboratories in which assays of gold and silver are constantly 
made, the furnace above described, which has holes in two opposite sides 
closed by stoppers, t (and can consequently be used as a tube-fumace), 
is inconvenient, on account of its small size, &c. For this reason, either 
fire-clay furnaces bound with iron, or stationary furnaces, forming part 
of the building of the laboratory, are frequently employed. 

Silver contained in lead or ores is reported in troy ounces, dwts., and 
grains, per ton of 2,240 lbs. ; and in metrical countries in grammes per 
tonne (1,000 kilogrammes). 


Tablb showing the Amount op Silveb to the Ton op Ore, oorrespondino 
TO THE Weight obtained from 400 Grains. 


If 400 Grains of 
Ore give Fmo 
Metal 

One Ton of Ore 
will yield 

If 400 Grains of 
Ore give Fine 
Metal 

One Ton of Ore will 
yield 

gr . 

oz. 

dwt. 

gr. 

gr . 

oz. 

dwt. 

gr. 

•001 

0 

1 

15 

•200 

16 

6 

16 

•002 

0 

3 

6 

•300 

24 

10 

0 

•003 

0 

4 

21 

•400 

32 

13 

8 

•004 

0 

G 

12 

•500 

40 

16 

16 

'005 

0 

8 

4 

•600 

49 

0 

0 

•006 

0 

9 

19 

•700 

67 

3 

8 

•007 

0 

11 

10 

•800 

65 

6 

16 

•008 

0 

13 

1 

•900 

73 

10 

0 

•009 

0 

14 

16 

1-000 

81 

13 

8 

•010 

0 

16 

8 

2-000 

163 

6 

16 

•020 

1 

1-2 

16 

3 000 

245 

0 

0 

•030 

2 

9 

0 

4-000 

326 

13 

8 

•040 

3 

5 

8 

5-000 

408 

6 

16 

•050 

4 

1 

16 

6 000 

490 

0 

0 

•060 

4 

18 

0 

7-000 

571 

13 

8 

•070 

5 

14 

8 

8-000 

653 

6 

16 

•080 

6 

10 

16 

9 000 

735 

0 

0 

•090 

1 7 

7 

0 

10-000 

816 

13 

8 

•100 

1 « 

3 

8 






The bone-ash employed for making cupels is first passed through a 
sieve of wire gauze, and afterwards mixed with water until sufficiently 
moistened to retain the mark of the fingers, when a handful is taken up and 
tightly squeezed. To cause the cupels when made to be sufficiently firm 
and resistant, a little potassium carbonate is often added to the water 
employed for moistening the bone-ash. The amount of alkaline carbonate 
required for this purpose is exceedingly small, as a fragment of the size 
of a nut will be sufficient to add to a pint of water. Instead of water, 
some persons use sour beer, and in this case dispense with the use 
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of alkali. The mould in which the cupels are formed, fig. 179, usually 
consists of a bevelled steel ring, h, and a die, made of the same metal, 
and often fitted with a wooden handle. To make the cupel, this cavity is 
nearly filled with the moistened bone-ash, which is first compressed 
slightly by the hand and afterwards with the die, which is tightly driven 
into the ring by the use of a wooden mallet, fig. 1 80. When sufficiently 

consolidated the die is withdrawn, and, 
by introducing a wooden cylinder exactly 
filling the aperture, the cupel is without 
difficulty removed. The use of the wooden 
cylinder is somewhat liable to crumble 
the edges of the cupel ; and for this 
reason a loose iron plate, r, exactly fitting 
the bottom of tlie mould, is often intro- 
duced before the bone-ash is placed in its 
When this precaution is taken, the iron 
protects the bottom of the cupel, and 
enables the operator to use considerable 
force without injury to the edges of the 
newly made test. The iron plate has 
obviously to be replaced at each operation, and, with the cupel before it, 
is again forced out of the mould. In establishments in which a largo 
number of cupels are used they are frequently made by the aid of a screw- 
press. When made, they are set aside to dry, and are then ready for 
use; but it is better, if possible, to keep cupels at least three or four 
weeks in a dry place before using them. 

METALLURGY OF LEAD. 

By far the larger proportion, probably above nine-tenths of the lead 
annually produced, is obtained from galena, wdiich before coming into 
the hands of the smelter is freed, by careful mechanical preparation, 
from the principal part of the earthy and siliceous veinstone with which 
it w’as originally associated. Tlie metallurgical treatment of the ores of 
lead may be efiected by either of the following general methods : — 

Firstly. — By the method of douUe decompositionBf or, as it is some- 
times called, method hy reactions {Rosireactionsarheit), This is founded 
on the fact that when PbS is roasted at a gentle heat, it is partially 
converted into PbO and partly into PbS 04 , and that on raising the 
temperature the following reactions are set up : — 

2PbO + PbS = 3Pb 4* SOa 
PbS04+ PbS = 2Pb + 2802. 

Secondly. — By roasting and subsequent reduction of the oxidized pro- 
ducts, chiefly by carbonaceous matter {RostredTictionsarheit), 

Thirdly. — By the precipitation process {Neiderschlaysarheit), in which 
desulphurization of the lead is effected by metallic iron. 



Fig. 179. Fig. 180. 
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Two of these processes, and sometimes even all of them, may be com- 
bined in the treatment of a lead ore. 

Lead-smelting is conducted in three distinct varieties of apparatus, 
which may be thus classified : — 

1. Reverberatory furnaces. 

2. Blastfurnaces. 

3. Shallow hearths. 

Smelting in Eeveeberatory Furnaces. 

Flintshire Process. — This, which is essentially a method by double 
decompositions, comprehends the following succession of operations : — 

Calcination at a low heat in order to produce a certain amount of 
oxide and sulphate of lead. 

So raising the temperature as to determine the fusion of the cal- 
cined products, thereby causing the liberation of a large amount of lead 
by the reaction of its oxide and sulphate upon unchanged sulphide. 

The incorporation of the residue with lime, and the reduction of 
the unchanged sulphide, with formation of a larger amount of oxidized 
lead-compounds than is required to effect the decomposition of the sulphide 
of lead. 

Tapping the reduced lead, and the subsequent removal of the pasty 
grey slag by drawing. 

The furnace employed for the reduction of lead ores by the Flint- 
shire process varies somewhat in its construction and dimensions j the 
length of the hearth is usually about 11 feet, and its width 9 feet, and 
under this is an arched vault, extending the whole length of the bed to 
the fire-bridge. The hearth is made of slag, moulded into the proper 
form when in a plastic and semi-fused state, and has towards its centre 
a depression in which the fused metal accumulates, and at the bottom of 
u liich is situated the tap-hole. The fire-place is at one end, and before 
reaching the cavity of the furnace the flame has to pass over a fire-bridge, 
about 2 feet in width and from 12 to 14 inches below the arch ; at the 
opposite extremity of the hearth are openings communicating with a flue 
in connection with a lofty chimney. The fuel is supplied through a 
door at one end of the fire-place, in addition to which the furnace is 
furnished 'with six working doors, about 9 inches by 12, protected by 
heavy cast-iron frames built into the brickwork, and closed by iron plates, 
which can bo easily removed when required. The bottom of this furnace 
is made nearly level with the doors on one of the sides, but is inclined 
towards the other in such a way as to be from 18 to 20 inches below 
the middle door, where it communicates with the tap-hole A jcast-iron 
tapping-pot is set in the ground beneath the tap-hole, and on the top of 
the furnace is a hopper, from which a fresh charge of ore is let dowm as 
soon as that which is being worked is withdrawn. 

^ The charge of such a furnace is usually, in North Wales, 21 cwts., but 
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as much as 24 cwts. is sometimes operated on at one time. In the 
neighbourhood of Newcastle the charges are usually smaller. As soon 
as the lead from the preceding operation has been tapped off, and the 
slags cleared out and removed, another charge of ore is dropped from 
the hopper upon the hearth, which is at this time barely red hot. This 
is spread in a tolerably even layer over the surface of the bed, care 
being taken to prevent any portion of it from falling into the deep part 
or well of the furnace. The charge is now frequently stirred during 
two hours, the supply of air being regulated by the partial opening or 
closing of the various doors, and the highest temperature, compatible 
with keeping the charge free from clotting, is maintained. At the expi- 
ration of this period tlie fire-bars are clinkered, and fresh fuel is thrown 
upon the grate. The charge now begins to assume a pasty condition, and 
any portions which may have run down towards the tap-hole are brought 
back to the higher parts of the hearth. The doors are then opened for 
the purpose of lowering the temperature, and as soon as the charge 
has acquired the consistency of stiff mortar, it is spread before the fire- 
bridge and upon the portions of the hearth furthest removed from the 
tap-hole. 

This accomplished, the fire- and furnace-doors are again closed, the 
charge is run down as quickly as possible into the well, and a couple 
of shovelsful of slaked lime are thrown upon its surface and incorporated 
with the mass by stirring with a rake. l>y this means, the slags and 
unreduced ores are rendered sufficiently pasty to allow of their being 
again arranged or aet-up on the sloping sides of the hearth, where they 
are calcined for about half an hour, and again run down ; during this 
latter portion of the operation, a little coal-slack is sometimes thrown 
upon the charge. When the whole of the charge has again collected in 
the bottom, a further addition of slaked lime is made, and the slag is 
pushed off from the surface of the metal upon the inclined sides of the 
well, where it is allowed to draia Tiie lead is now taj)[>ed, and the 
grey slag is withdrawn in pasty lumps through the doors at the back of 
the furnace.^ 

The slags and mattes which accumulate on the surface of the tapping- 


^ The following analysis of grey slag from a Flintshire furnace was made in Dr. 
Percy’s laboratory by Mr. C. Tookey : — 


PbS 0*90 

PbS04 9-85 

PbO 48*87 

ZnO 7*52 

CaO 12*68 

AljOs 3*01 

».*•.... 2*86 

SiOs (combined) 12*62 

Insoluble residue . . . . . 1 *45 


99 '66 
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pot contain a considerable amount of mechanically intermixed lead, to 
eeparate which a paddle is inserted, and the whole is well stirred. Some 
coal-slack is now thrown in and well worked up with the contents of the 
pot ; this gives off a considerable amount of gas, which being ignited 
affords sufficient heat to liberate the metallic lead. The surface is then 
skimmed, the skimmings being at once thrown back into the furnace, 
and the lead is laded out into cast-iron moulds. After this the tap-hole 
is again opened, and the lead from the skimmings run out into the pot, 
where it is allowed to remain until that resulting from the next charge is 
withdrawn. The tap-hole is now closed, and another charge let down 
into the furnace from the hopper placed above it 

In Flintshire the lead ores treated by this process generally contain 
from 75 to 80 per cent, of lead, and a charge of such ore may be worked 



Fig. 181 .— Smelting-Furnace, CouSron ; longitudinal section. 


in from five and a half to six hours, yielding about 90 per cent, of the 
total quantity of the lead obtained ; the remaining 10 per cent, being 
subsequently extracted from the slags and fume in a blast-furnace. 

Modification of the Flintshire Processes at Coueron. — ^The con- 
struction of the furnaces at Coueron, Loire Inf^rieure, France, will be 
understood by reference to the accompanying woodcuts. Fig. 181 is a 
longitudinal section ; fig. 182, a horizontal section on the line C D ; and 
fig. 183, a transverse section through the tapping-hole. The fire-place, 
A, is of the usual dimensions, and the hearth, B, instead of being on an 
arch, as is commonly the case in North Wales, is supported on iron bars, 
on which is laid a course of flat tiles. On these is placed a course of 
fire-bricks on edge, on which is arranged the usual slag bottom. The 
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furnace has the ordinary number of working doors, a, with a fire-door, ft, 
and tappmg-hole, c , there is a small fire-place below the pot, d, to pre- 



Fig 1S2 —Smelting Fum ice Coulr ii , homontil section on C D 


vent the too rapid chilling of the lead during the process of lading into 
moulds. Although similar in foim and dimensions to the ordinary 



Hg 183 —Smelting rurn«ice, Coullron ; transverse section through tapping hole 

■Welsh furnace, it differs from it in one important particular, namely, in 
having the tapping-pot placed near the flue end instead of under the 
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middle door. This arrangement gives a larger surface to the hearth for 
roasting the charge^ and permits of the lead being collected in the coolest 
part of the furnace, where it is least exposed to loss from volatilization. 

The mode of working employed varies with the nature of the ores 
treated. This variation depends principally on the length of time 
required for roasting the ores before subjecting them to the higher 
temperature of reactions. Pure ores, especially those containing a 
notable proportion of carbonate or sulphate of lead, require very little 
previous roasting, whilst those containing blende, pyrites, <kc., must 
be calcined for a considerable time before smelting. 

In general, the ores treated are derived from Sardinia, and contain, 
on an average, 81 per cent, of lead and but little silver. They are toler- 
ably free from impurities, being composed of galena associated with 
carbonate and sulphate of lead, and a calcareous gaiigue, in which are 
found small quantities of blende, calamine, ferric oxide, and silica. The 
cobbed ores, before delivery to the furnace, are ground between rolls, 
and passed through sieves of eight holes to the linear inch ; a charge of 
ore weighs 27 cwts. Two men are employed at each furnace, one of 
whom, the cliief, works on the fore side, and takes a leading part in the 
work to be done. In the treatment of rich ores, the ordinary method 
of working consists in roasting them in such a manner that upwards of 
one-half of the sulphide of lead present in the ore is converted into a 
mixture of oxide and sulphate. 

On raising the heat in the furnace to bright redness, the oxide and 
sulphate, formed in roasting, react on the undecomposed sulphide in the 
charge, and produce metallic lead, sulphurous anhydride, and a residue 
of slag. 

The process is thus divisible into two well-marked and distinct 
operations : — 

a. Calcination or oxidation. 
h. Smelting or reactions. 

a. Calcination , — Supposing a charge to have been just worked off, 
and the residual slags withdrawn, the furnace will be empty and at a 
red heat. The damper having been lowered, the charge of ore in the 
hopper, c, is let down through the opening in the arch, and spread 
evenly over the furnace bottom by means of rabbles. 

This done, the working-doors are closed, but the fire-door is left open 
and the fire damped with cinders, in order so to moderate the heat that 
the charge may become gradually red hot without clotting. The charge 
is thus left undisturbed for some time. During the first hour it is once 
or twice lightly rabbled ; at the expiration of that time, after being well 
turned with the paddle, it will be found to be red hot throughout. The 
damper is then lowered so as to leave just sufficient draught for the free 
escape of the gaseous products of calcination. The working-doors are 
now left partially open to admit the air necessary for tlie oxidation of 
galena, and under its oxidizing action the charge soon acquires a high 

2 P 
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temperature. Care must, however, be taken to prevent tlie heat from 
increasing so much as to cause softening of the ore. 

When the heat is properly managed, a white crust, consisting of a 
mixture of oxide and sulphate of lead, in which the former predominates, 
is rapidly formed on the surface of the charge, and no fumes are visible. 
The surface is renewed from time to time, about every quarter of an 
hour, either by rabbling or by paddling. 

Tlie requisite heat is maintained in the furnaoe during tliis process by 
firing with cinders only, which are preferahk* to coal for that purpose ; 
not merely on account of their lower cost, but also because they give a 
steadier heat and do not yield gaseous hydrocarbons to interfere with 
oxidation. 

The alternate raking an<l paddling of the cliargo is continued at 
regular intervals, until, on examination, it is thought to be sufficiently 
desulphurized, which is genrrally the case at the end of from four to four 
and a half hours. 

The grate is then frecnl from clinker, coal is thrown on the fire, the 
damper is opened, and a brisk lire is got up ; in a f(*w minutes tlie heat 
in the furnace is thus mised so as to lead to a coinmeiiecment of the period 
of reactions. 

h i<m^'lting . — As soon as the firing has comnuuiced, the ore lying at 
the back and extreme end of the furnace is raked towards the bridge. 
With the increase of temperature wliicli now takes place, tlio roasted ore 
soon begins to soften and to give off wliite fumes, showing tliat tlic 
reactions which result in the liberation of metallic lead have commenced. 
Great care and attention on the part of the smelter are, however, necessary, 
in order to prevent too great a lo^s of le«ul by volatilization during the 
heating-up of the charge. The ore must on no account ho alloweil to 
liquefy, and as often as it shows a tendency to fuse, some slaked lime in 
})owder is thrown on the charge, and well woiked into it with a rake. 
By this means, and by carefully regulating the draiiglit, tlie cliarge can 
be heated to the required temperature without fusion ; lime must ])c fre- 
quently added during the process, but in small quantities at a time. The 
consumption of lime amounts, altogether, to about 2 per cent, of the ore 
treated. 

Shortly after reaction commences globules of lead are seen on the 
surface of the charge, and before an hour has elapsed a certain quantity 
of lead has drained down tlie slope of tlie hearth into the well. Tlie 
charge, having in due time attained the temperature of bright redness, 
must not he fired too hard. Both the draught and tlio firing are so 
regulated as to keep up the heat to the required degree without going 
beyond it 

The reactions are much aided by frequently rabbling and turning the 
ore; but as the working-doors must remain open for this jiurpose, it 
follows that a large quantity of air enters tlie furnace, oxidizing tlie 
snlnhide in the ore, and so cooling the charge that the flow of lead bo- 
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comes interrupted. When this cooling is judged to have been carried 
sufficiently far, the charge is rabbled, the doors closed, and the fire so 
urged as to fill the furnace with flame during several minutes. On 
re-opening the doors and paddling, the flow of lead recommences as 
before. 

At the expiration of from two and a half to three hours from the com- 
mencement of the reactions, a considerable amount of lead will have accu- 
mulated in the welL A first tapping is then made, the lead being received 
in the tapping-pot, under which a small fire hawS been previously lighted 
in order to maintain the lead in a melted condition while it is being cast 
into pigs ; the tap-hole is stopped with a plug of stiff clay. 

The thick dross which rises to the surface of the lead, and which 
contains a certain quantity of sulphide removed from the charge by the 
hot lead, and again separated on cooling, is skimmed off with a shovel 
and put back into the furnace. A little fine coal, together with some 
burning cinders and lime, is now thrown on the lead, which is vigorously 
agitated with a small paddle and stirred until it is clean. It is then 
skimmed, the skimmings being put on one side, and the clean lead laded 
into moulds. 

The firing, paddling, and cooling of the charge are repeated several 
times, until at last the residue becomes dnj and gives out but little lead. 
Thereupon the heat of the furnace is considerably increased, but not in a 
sufficient degree to fuse or flow down the charge, and towards the close 
of the operation the matters remaining on the hearth consist, to a great 
extent, of oxides. 

The pot-skimmings, composed of cinders and lead matte, are now thrown 
into the furnace and well paddled with the charge ; the reaction of the 
sulphide of lead and cinders on the oxide and sulphate producing a further 
yield of lead. 

When this has ceased, and it is seen that no more can be extracted 
without a very high heat and the addition of coal to the charge, the grey 
slag is raked out through the middle door at the back of the furnace, and 
the second and last tapping is made. 

The whole period of reactions occupies from five to five and a half 
hours. 

After the withdrawal of the slags, the bottom is examined, and if cor- 
roded into holes, or in any way injured, it is repaired by putting into the 
cavities a mixture of grey slag and lime, and beating it smooth with the 
paddle. It is of great importance to maintain the bottom perfectly 
even and with a good slope on all sides towards the ta^vhcle. A little 
lime is now spread over the bottom, and a fresh charge is at once let down 
into the furnace ; the damper having been previously lowered to prevent 
loss of fine ore by the draught. The weight of coal consumed is equal to 
40 per cent, of the ore smelted. The produce of lead per charge of 1,350 
kilos, of ore at 81 percent, is 15 pigs, weighing 901 kilos., and 290 kilos, 
of slags containing 50 per cent, of lead. Hence the total loss of lead in 
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the reverberatory furnace is 8’62 units by volatilisation, but of this a 
certain proportion is recovered from the fume collected in the condensers 
and flues, A larger percentage of lead in pigs might be obtained by add- 
ing more coal to the charge, towards the end of the process, and firing 
hard, in order to reduce part of the lead remaining in the slags. It is, 
liowover, considered more economical to limit the produce in the rever- 
beratory to about 80 per cent, of the lead contained, and to carry the 
slags to the blast-furnace. This is especially the case when the blast- 
furnace is connected with good condensers and long flues. 

It will be seen from the foregoing description that the process of 
reverberatory smelting adopted at Coueron differs princijially from that 
generally employed in England, in there being no melting or flowing- 
down of the charge, as also in the long preliminary calcination of the ore 
before the reactions are commenced. The position of the tajvholo near 
the flue end of the furnace gives a longer slope to tlie liearth, and allows 
of heavier charges being w'orked ; at the same time the lead produced is 
collected in the well at a greater distance from the fire. 

CoRKiSH Process. — This process was employed at Par, near St. 
Austell, whore were situated the last lead-smelting works in oj>eration in 
Cornwall It was also formerly in use at I^oint, near Truro, as well as 
at the Falmouth Smelting Works ; but smelting operations at all these 
establishments have been for some years abandoned. The lead ores 
treated by this method consisted principally of galena, usually containing 
a considerable amount of silver, with blende and various sulphurized 
ores of copper, associated with a siliceous gangue ; their average yield 
of lead was betweem 60 and 70 percent., and of silver about 35 ounces 
per ton. 

This process comprehends two distinct operations, each conducted in 
a separate furnace : — 

a. Calcination or roasting. 

//. Flowing or smelting. 

a. Calcination , — The furnaces used for this purjxjse varied consider- 
ably in 8 i 2 e, some of them working charges of only 25 cwts., while others 
were capable of taking charges of 3 tons; the average charge may bo 
taken at from 1 ton 18 cwts. to 2 tons. The Cornish calciner had gene- 
rally three working-doors ; two being in the longer sides and opposite 
one another, while the third was at the extremity of the longer axis of 
the hearth, in the immediate vicinity of the flue leading to the chimney. 
The widest part of the hearth was that between the two lateral doors ; at 
the fire-place it had little more than one-third its maximum width, and 
at the opposite extremity its dimensions were gradually contracted to the 
width of the working-door. Immediately within the lateral doors were 
rectangular holes in the bed, through which the calcined ore was raked 
into an arched vault beneath. A passage through the fire-bridge, which 
enclosed a strong supporting bridge-plate of cast-iron, admitted of the 
of air ; the charging was effected through a hole in the 
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roof, usually covered by a fire-tile. This furnace was built of ordinary 
rubble-work, but was internally provided with a nine-inch lining of fire- 
brick. The working-doors had either strong cast-iron frames, or their 
sides were protected by blocks of granite. ^ This calciner was worked by 
two men on each shift. Calcination was effected at a high temperature, 
and the charge was turned over once every hour; the operation was 
continued during from fifteen to eighteen hours, and a little lime was 
added from time to time to prevent clotting. About 6 cwts. of coal were 
consumed per ton of ore calcined. 

h. Flowing , — The furnace employed for this operation was very 
similar to that used for the Flintshire process ; the length of the hearth 
was about 14 feet, and its width 8 feet. This furnace had five working- 
doors, two on either side, and one in the end opposite the fire-bridga 
The bottom, like that of the Coueron furnace, was supported on iron 
bearers, and finished with slags. 

The charge, which consisted of 2 tons of calcined ore, was thrown in 
through the back doors, and was spread evenly over the sloping bed; the 
doors were then closed, luted with clay, and the heat raised. At the 
expiration of from two to three hours the charge had run down into the 
well, and, when rich ores were operated on, a first tapping was made at 
tliis period. The fused material was then dried up by being mixed with 
lime and culm, and again spread over the upper portions of the bed. 
About 2 cwts. of scrap-iron were now thrown into that part of the well 
nearest the tapping-hole, and a little fluor-spar was sometimes scattered 
over the surface of the charge. This done, the doors were again closed 
and luted, tlie charge re-melted, and the furnace subsequently tapped. 
This was done with a j)ointcd iron bar, and the lead, which first flowed 
into tlie pot, was followed by a regulus chiefly derived from the action 
of scrap-iron upon galen{i. This regulus, slnrvif, sometimes together 
with a little of tlie lead, flowed over the lip of the tapping-pot into a 
.small pit in the floor, and as soon as the slag began to make its appear- 
ance, the tapping-hole was enlarged and the lip of the pot was closed 
with ashes. The slag now flowed out upon the surface of the metal 
in the pot, which was almost surrounded, at top, by a strong iron hoop, 
and the molten slag was thus directed into a gutter, through which it 
flowed into a pit outside the building. 

From the time of charging to the final tapping of the slag the 
operation occupied about eight hours ; two men were employed in each 
shift, assisted by an attendant during the day shift. The consumption 
of coals was from 8 to 9 cwts. per ton of calcined ore treated ; and the 
slags, which usually did not afford more than from one-half to one per 
cent, of lead by dry assay, were sufficiently poor to admit of being 
thrown away. 

Tlxe principal portion of the copper contained in the ore became con- 
centrated in the slurry, which was re-melted in order to extract the lead 
and silver it contained, and the resulting matte was then sufficiently 
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rich in copper to be sold to the copper-smelters. The lead produced by 
this process was usually hard, and required to be softened by a process to 
be hereafter described. When, however, two tappings were made during 
the course of the operation, the lead obtained from that which took 
place after the first running-down of the charge was much softer, and 
more argentiferous, than that resulting from the final tapping. 

The flowing furnace is sometimes used in North Wales and in various 
other localities, and is constructed and worked essentially in the same 
way as it was in Cornwall. It is also employed, instead of the slag- 
hearth, for the reduction of the rich grey slags from the Flintshire furnace 
by the aid of scrap-iron and carbonaceous matter, and is likewise used 
for smelting rich silver ores and jewellers’ sweep. 

In this process a large proportion of the lead is obtained by tlio 
mutual decomposition of galena and of the oxidized products resulting 
from calcination, the remainder being due to the reducing action of the 
culm and to the decomposition of sulphide of lead by metallic iron. It 
may therefore be regarded as a mixed process, comprehending the whole 
of the various reactions involved in the metallurgical treatment of lead 
ores. 

Spanish Furnace, or Bouche. — According to Pcrfes de Vargas, who 
lived in Sjmin during the reign of Philip 11. (1556-1598), and who 
'wrote on the metallurgy of that date, the holiche had been known from 
time immemorial, having been used by the Romans when in occupation 
of that country. Alonzo Barba, the celebrated priest of Potosi, states, on 
the contrary, that it was an Indian invention, introduced from America 
about the year 1640. M. Petitgand, the author of an excellent mono- 
graph entitled ‘ Exploitation et traitement des Plombs dans le Midi do 
I’Espagne,’ ^ infers from this that it was first introduced from Spain into 
America, and subsequently re-imported into Spain, where its use and 
method of construction had become forgotten. However this may have 
been, there can be no doubt that the boliche is an exceedingly ancient 
furnace, and that for a very long period it was almost exclusively em- 
ployed in the south of Spain for the reduction of lead ores. 

It is constructed of rubble-work cemented together with a mortar 
formed either of clay or of vegetable soil, and is generally without any 
support from iron bars or binders. In place of these it is provided with 
strong buttresses at the angles, which are frequently carried upward, so 
as to form supports for the roof of the shed by which it is covered. Tlie 
interior is protected by a lining of fire-brick, the liearth being composed 
eitlier of laja or laguena^ a description of clay resulting from the decom- 
position of talcose schists, or of a mixture of this clay with broken galena. 
The boliches employed by the various English companies established 
in the neighbourhood of Linares are constructed of sandstone, without 
any kind of lining, and are bound together by ordinary iron braces. 

1 ‘ Revae Universelle des Mines,' Vol. ix. p. 297, 18C1. 
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This furnace essentially consists of two arched chambers, one of which 
is employed for the reduction of the ore, while the only use of the second, 
which is situated between it and the chimney, seems to be to moderate 
the draught. These two chambers are separated by a fire-bridge, the 
second being generally in connection with a chimney about 30 feet in 
height. At Linares the boliches are worked in connection with the 
long condensing-flues of the establishment. The fire-place projects from 
one side of the hearth, is without a grate, and is 2 feet 2 inches in 
width and 5 feet 6 inches in length ; the fuel, which consists of brush- 
wood, such as cistus, broom, lavender, rosemary, juniper, &c., is supplied 
through a door at the end of the fire-place. The smelting hearth inclines 
towards the only working-door, at the extremity of its longer axis, and 
immediately within which is a receptacle in the floor for the collection of 
the molten metal. This door, and that through which the fuel is intro- 
tluced, are the only openings in the furnace, with the exception of a 
smaller one supplying air to the fuel, and through which the ashes are 
withdrawn. The hearth, which is about 7 feet 6 inches in length by 
6 feet 6 inches in width, has its angles rounded, and is sometimes made 
nearly circular in form. The second chamber, serving to equalize the 
draught, is lenticular in shape ; its length, transversely to the chimney, 
is 12 feet, and its width 4 feet. At the extremity of its longer axis are 
doors, which are usually bricked up, but which are from time to time 
opened for the removal of fume and dust. 

According to iMr. A. Dick, the smelting of a charge of lead ore in 
the boliche in the Linares district occupies eight hours, and comprehends 
three operations : — 

a. CcUdeo, or calcination, lasting from one to one and a half hour. 

h, Blaiideo, or sweating, occupies from four and a lialf to five hours. 

c. Corrida, or running down, which occupies the remainder of an 
eight-hours’ shift. 

'^L retitgand, however, says that under favourable circumstances a 
liga or charge may be smelted in from four and a half to five hours. Mr. 
J. L. Thomas, among other details furnished to Dr. Percy, stated that a 
charge of ore, weighing CO arrobas, or 13 cwts. 1 qr. 16 lbs. English, 
and yielding by assay 7 7 ’5 per cent, of lead, can be worked in from five 
and a half to six hours. It is evident, however, that the time necessary 
for working a charge will be much influenced by the richness and fusi- 
bility of the ores. 

The ore, which is thrown in through the working-door by a scoop 
with a handle on either side, is spread evenly over the bottom and is 
stirred from time to time. When the operation of calcining is sufii- 
ciently advanced, the temperature is increased, and the running down of 
the charge commences. For drying up the slags, the ash and breeze 
falling into the ash-pit are alone employed. At the close of the operation 
the lead is tapped into a vessel, where it is first stirred up |irith dry 
leaves, and from which it is subsequently laded into moulds. 
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The yield of the boliche is about 80 per cent, of the contents of the 
ore by assay ; the grey slags, which are drawn in the usual way, contain 
from 45 to 50 per cent, of lead, and amount to from 15 to 17 per cent, 
of the ore charged. They are reduced in a blast-furnace blown by 
bellows worked either by treadles or by horse-power. For smelting a 
charge of 60 arrobas of ore, from 1,550 to 1,750 lbs. (avoirdupois) of 
brushwood are required. 

From having been subjected to a less elevated temperature, the lead 
smelted in the boliche is said to be softer than that obtained from the 
Flintshire furnace, but the difference in quality is by no means marked. 
The reactions which take place in this apparatus are of precisely the 
same character as those 'which occur in the furnace employed in Nortli 
AVales, and the process is essentially one of double decompositions. At 
Linares, boliches have been constructed with fire-places adapted for the 
consumption of mineral fuel ; but thus moditied it appears to offer no 
advantages over the English reverberatory furnace ; the amount of ore 
worked in a given time is smaller, and the proportionate consumption of 
fuel somewhat larger. 

The boliche, although an ingenious contrivance for the reduction 
of rich lead ores by means of brushwood, is much inferior to the 
ordinary reverberatory furnace, when coal is to be obtained at a mode- 
rate price. 

Bleiberg Process. — The galena treated at Bl(n])erg in Carinthia 
is accompanied by blende, calamine, willcmite, cerussite, anglesite, and 
molybdate of lead. The ores of zinc, removed as completely as practicable 
by a careful system of mechanical treatment, are sold to zinc-works for 
reduction ; while the lead ores are delivered to the smelter, either in a 
somewhat rough state of division, containing from 65 to 70 per cent, of 
lead, or as slimes, of which the yield is usually 5 per cent. less. 

The furnace employed at Bleiberg differs es«*entially from those used 
in this country, since the hearth, instead of being broad, witli a well in 
the middle and a tap-hole at tlie side, is long, and has a regidar slope 
towards the door, which is jdaced at the extremity of its longer axis. 
The working-bed, about 10 feet long, and 4 feet 10 inches in greatest 
width, is rectangular for nearly half its length, anti then contracts towards 
the working-door, which is 1 foot square. Besides having a regular slope 
towards this door, the hearth is hollowed from the two longer sides towards 
the middle, so that tlie metal may flow from every part of the bed into a 
receptacle in front of the working-door. The find commonly employed 
is wood, and the fire-place is parallel to the longer axis of the bed ; the 
grate, which has a still greater inclination than the bed, is of stone, 
traversed by openings for the admission of the air necessary for combus- 
tion. These furnaces, which are constructed in pairs, are mainly built 
of red sandstone, and the bottom, which is 6 inches in thickness, is made 
of a mixture of clay, old bottoms, poor slimes, and slags fritted together 
by heat 
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Brown coal is sometimes used as fuel in place of wood, and in such 
cases a grate consisting of iron bars is substituted for one of stone. 
Furnaces with two beds placed one above the other were for some 
time employed at the Imperial Lead-Works, at Bleiberg, but although 
the consumption of fuel was thereby reduced, the frequency of the repairs 
required and the uncertainty of the results obtained caused them to be 
abandoned. 

The process of smelting is conducted as follows : — As soon as the 
hearth has become heated to dull redness the charge, weighing about 
375 lbs. avoirdupois, is thrown in through the door, and, by a rake, is 
spread over every part of the bottom. The temperature is now kept 
so low that calcination may be effected without softening or agglomera- 
tion, and the ore is at short intervals turned over with a rake, and 
fresh surfaces exposed to oxidizing influences. At the expiration of 
from three to three and a half hours the roasting is generally found suffl- 
ciently advanced, and the temperature is then so raised as to determine 
the usual reactions between the unchanged galena and the oxidized pro- 
ducts resulting from calcination. The rabble is now assiduously worked 
for the purpose of effecting a complete mixture of the charge, thus 
facilitating the production of metallic lead through the mutual decom- 
position of its sulphide and the oxidized products of roasting. This 
operation lasts from three and a half to four hours, and the lead, which 
is constantly liberated, flows down the inclined hollowed surface of the 
bottom into the receptacle placed in front of the working-door for that 
purpose. This lead, from its supposed purity, has received the name of 
“ virgin lead,” Jungfernhlei, and in order to indicate its source of produc- 
tion was formerly sold in the form of irregular lumps as it fell from the 
furnace. At the expiration of the period above stated, from 125 to 
150 lbs. of lead will have been collected, sulphide of lead will liave 
almost entirely disaj^peared, and the residual grey slag will contain lead 
in an oxidized state only. 

This slag is now dried up by the addition of ashes and breeze from 
the ash-pit, and the mixture, after being well worked with the rabble, is 
withdrawn from the furnace and laid aside to be treated with that result- 
ing from the next operation. Another charge is introduced, and the 
process is conducted as before. 

At the completion of the second stage the grey slag remaining on the 
bottom of the furnace is in its turn mixed with breeze, while that result- 
ing from the working of the previous charge is added through the working- 
door ; the furnace thus containing the slags resulting from the treatment 
of two distinct charges of ore. The temperature is now raised, small 
charcoal is added when necessary, and the whole intimately mixed with 
the rabble, in order to effect the reduction of the various oxidized com- 
pounds of lead. This reduction of the slag occupies from seven to eight 
hours, and results in the production of from 150 to 220 lbs. of lead; it 
consequently follows, that for the complete treatment of two charges. 
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weighing together about 750 lbs. avoirdupois, from twenty-one to twenty- 
three hours are required. The yield of lead is usually, when the ores are 
of average richness, about per cent, loss than that indicated by 
assay; the consumption of wood is about 11 cubic feet per Austrian 
centner (133*460 lbs. avoirdupois) of lead produced. 

The workmen are paid at the rate of 1 *80 florin per centner of lead 
extracted, and are debited 6*40 florins per klafter for the wood consumed. 
They also receive a bonus of 0*07 florin on each pound of lead produced 
in excess of the prescribed quantity, and are fined the same amount for 
every pound less than the amount allowed. 

According to M. Landrin, the following allowances between the 
assay-results and furnace-produce were in force in 1857 : — 

Assay result 82 per cent. : tolerated loss 2 per cent. 
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The charge of the Bleiberg furnaces has now been increased to about 
465 lbs. avoirdupois. 

Reduction by Metallic Iron in Reverberatory Furnaces. — Silicate 
of lead, as well as tlie sulphurized and oxidized compounds of that metal, 
is reduced when strongly lieated in contact with metallic iron ; this 
operation is usually conducted in a low blast-furnace, but a reverberatory 
furnace has also been employed for the purpose. 

The treatment of somewhat siliceous ores by fusion in a reverberatory 
furnace with either iron scrap or cast-iron w*as formerly carried on to a 
limited extent in France, but was ultimately discontinued, on account of 
the great cost, and the unsatisfactory nature of the results. The furnace 
employed sloped from the fire-place to the chimney, placed at the opposite 
extremity of the hearth, where there was a working-door with a tapping- 
hole beneath it, in front of which was the usual reservoir for the reduced 
metaL The charge consisted of about 400 kilos, of galena, containing 
nearly 80 per cent, of lead, mixed with from 100 to 120 kilos, of scrap 
or of cast-iron. When the temperature had become sufficiently elevated 
the charge was stirred at frequent intervals, and lead became reduced at 
the expense of the iron, which was converted into sulphide. 

From galena containing 80 per cent, of lead 67 to 70 per cent, of 
metal was extracted, the matte containing from 5 to 12 per cent, of lead ; 

4 per cent, passed off by volatilization, and the slags retained from 4 to 

5 per cent. 
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The entire contents of the furnace were run off into the tapping-pot 
which retained the lead, while the principal portion of the matte and 
slag flowed over upon the floor. The last two products may be re-treated 
in a blast-furnace for the lead they contain, but the process of smelting 
raw ores with iron in reverberatory furnaces is wasteful and expensive. 

The processes employed in different localities for the reduction of lead 
ores in reverberatory furnaces are exceedingly various, their adoption 
being determined by the nature of the ores, the quality and price of fuel, 
and the nature of the fluxes available. The methods described may, 
however, be considered as typical of those employed in the principal 
lead-producing centres, although they are sometimes more or less modified 
to suit the exigencies of local circumstances. 

Smelting in Blast-Fuknaces. 

Slag-IIearth. — The various rich slags resulting from the different 
operations of a lead-smelting establishment are either treated in the 
furnaces in which they are produced, as in the case of the Cornish and 
Blciberg processes, or they are reduced in a blast-furnace specially em- 
ployed for that purpose. In this country the slag-hearth is still used, 
although its application is no longer so universal as formerly. 

This is a deep hearth, or shallow rectangular furnace, blown by one 
tuyer, made of fire-brick and cast-iron, cased, with the exception of the 
front, in an exterior covering of ordinary brickwork, and bound by iron 
braces. The casing is extended upwards so as to form a chimney, which 
at the top is connected with the system of flues for the condensation of 
lead fume with which every well-appointed establishment is provided. 
The depth of this furnace from the front to the tuyer is about 30 
inches, its width may be 22 inches, and its height a little more than 3 
feet. The bottom is comj)Osed of a thick cast-iron hed-plate^ laid with a 
slight inclination from the back towards the front of the furnace ; on the 
bed-plate are placed cast-iron hearers^ which carry the side walls of the 
furnace. The front is partially closed by a plate of cast-iron, called the 
fore-stone, and the back below the tuyer is formed of another thick plate 
of the same metal. A space of from 5 to 7 inches is left between the 
bottom of the fore-stone and the cast-iron plate forming the bottom. In 
front stands the lead-troughy divided into two unequal portions by a divi- 
sion forming part of the casting ; the larger one corresponds, in width, 
with the bed-plate under which its edge is introduced, and at the bottom 
of the partition is a hole through which the molten metal flows into 
the smaller division of the trough. The slags, escaping from this furnace 
through an opening in the stopping of the breast, pass over the edge of 
the larger division of the lead-pan and then flow into a cistern sunk in 
the ground, through which flows a stream of water. This determines 
the disintegration of the slag, and allows of the separation of any enclosed 
metallic shot Before beginning to work a furnace of this description. 
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the bcd-plate is covered with a layer of well-burnt and coarsely sifted 
ashes to within about an inch below the level of the tuyer ; and the 
ash bottom thus formed is made to slope in the same direction as the 
plate itself. The space between the bearers in front of the ash bottom is 
now closed with clay, &c,, up to the lower edge of the fore stone, and 
ill this stopping an opening is made for the escape of the slag. The 
bottom of spongy cinders, which is somewhat closely beaten together, 
acts as a filter, by which the metal is separated from the slags which 
flow over its surface, and escape by the opening in the breast; while 
the heavier lead falls to the bottom of the hearth and, percolating 
through the ash bottom, is conducted b}" llie bed- plate into the lead-pot. 
The larger division of this pot is tilled with cinders, which, as in the 
former case, act as a filter, by means of which the molten lead is sepa- 
rated from the less dense and more viscous slag. The fuel employed is 
coke with a little peat, and the products are slag-lead and a vitreous 
hlach slag, sufficiently poor to be thrown away. 

Blocks of peat are first piled upon the bottom of the furnace, and 
one of these is ignited and thrown before the tuyer. When the peat 
has thus become fairly ignited, coke is thrown in ; and as soon as this 
appears to be properly lighted, grey slag, with some browse (partially 
reduced slags removed from the hearth at the termination of a previous 
operation) and a little black slag are introduced. From this lime the 
hearth is supplied with alternate charges of fuel and slag, and when a 
sufficient quantity of the latter has been melted, which happens shortly 
after the furnace has been set in operation, the smelter, with an iron bar, 
makes a hole in the centre of the stopping between the bed and the 
lower edge of the fore-stone. Through this the melted slag'? make their 
escape, and the furnace being now in its normal working condition, the 
several operations are repeated, throughout the shift, without variation. 

At the close of each shift, which often lasts about eight hours (six of 
vhich will be employed in smelting and the other two in cleaning and 
preparing the hearth for the next working period of similar duration), 
the blast is continued for about half an hour without any further addition 
of either fuel or slag. 

As’ soon as the blast lias been cut off, the clay stopping beneath the 
fore-stone is removed, and the ash-bed, with as much as possible of the 
adhering slaggy matter, is taken out ; this, under the name of slag-hearth 
browse j is reserved for treatment during the course of the next shift. 
Finally a few bucketfuls of water are thrown into the licarth, in order 
to put out the fire and to cool it previous to the clearing or stuhhing-out 
necessary before commencing another shift. 

The hearth is worked by two men — a smelter and his assistant. The 
duration of a shift varies in different localities from eight to sixteen 
hours, and the production of lead and consumption of fuel are greater or 
less in accordance with the jiature and richness of the materials treated. 
According to II. L. Pattinson, the slag-hearth shift in the North of 
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England (1832) lasted from fourteen to sixteen hours, and produced from 
10 to 21 cwts. of lead; from 15 to 18 cwts. of coke being required to 
produce 21 cwts. of lead From the nature of the material from which 
it is obtained, and the high temperature employed for its production, 
slag-lead is invariably hard, and requires softening before it can be 
applied to the purposes for which ordinary lead is used ; it is laded out 
from the smaller division of the lead-pan and cast into pigs. When 
grey slags are found to work with difficulty in the slag-hearth, the addi. 
tion of tap-cinder is often found advantageous. The mixture smelted in 
the slag-hearth should not contain above 35 per cent, of lead, and when 
richer than this should be mixed with black slag or some other poor 
material. 

The Spanish slag-hearth, which has been adopted at some of the lead- 
works in this country, is circular, and blown by three tuyers. Its 
general construction very closely resembles that of the Castilian furnace, 
but it is without iron columns, and is connected with the main flue by 
a chimney. It is worked in the same way as the Castilian furnace, but 
the slags are sometimes run into water. 

Castilian Furnace. — This furnace, which is circular, is usually about 
3 feet internal diameter, and is constructed of fire-bricks, so moulded as 
to fit together and allow all the various joints to follow the radii of the 
circle described by the brickwork. Its height is about 8 feet, and the 
thickness of tire masonry is usually 9 inches. In this arrangement the 
breast is formed by a deep semicircular iron pan, furnished with a lip 
for running oif the slags, and a longitudinal slot for the convenience of 
tapping. On the top of the brickwork a box-shaped covering of masonry 
is supported by a cast-iron framing resting on four pillars, and in this is 
placed a feeding-door, and the outlet by which the products of com- 
bustion, &C., escajie into the flues. The lower part of this hood is fitted 
to the body of the furnace, wliilst its top is closed by an arch of brick- 
work laid in clay. The bottom consists of a mixture of fire-clay and 
coke-dust slightly moistened and well beaten in to the height of the top 
of the breast-pan, which may be about 3 feet above the floor level. 
Above tlie breast-pan an arch is frequently so turned that, when the 
breast has been built up, it may form a niche 9 inches in width and 12 
inches in height When the bottom has been properly beaten to the 
required height, it is so hollowed out as to form an internal cavity com- 
municating freely with the breast-pan, which is likewise filled with 
bmsque, and subsequently hollowed to the depth of the internal basin of 
the furnace. The blast is applied by three tuyers, eaeh 3 inches in 
diameter at the smaller end, and inches at the other, into which the 
nozzles are introduced. The blast is generally produced by a fan, and is 
conveyed to the tuyers through brick channels beneath the floor of the 
furnace-shed. 

The mixture of plumbiferous matter treated in this apparatus ought 
never to contain above 30 per cent, of lead, and if richer, should be re- 
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duced to this tenure by the addition of a sufficient amount of poor slags. 
In charging, the coke should be thrown to the middle, while the matters 
to be treated are spread around next the brickwork. In this way the 
furnace is prevented from becoming too hot, and the bricks are con- 
sequently preserved for a longer period than they would otherwise be. 

For the purpose of allowing the slags to escape into the breast-pan, 
a hole is made in front at the height of the fore-hearth, which, to prevent 
the cooling of the slag, is kept covered by a layer of coke-dust or cinders. 
From the breast-pan the slags flow continuously through an iron spout 
into cast-iron waggons, where they consolidate into masses, having the 
form of inverted truncated pyramids, of which the larger base is about 20 
inches square. When a sufficient amount of lead has accumulated in 
the bottom of tlie furnace, it is tapped into an iron pot by removing a 
plug of clay from the tajhhole situated in a slot in the breast-plate, and, 
after being skimmed, is laded into moulds. 

The waggons in which the liquid slag is received run either on 
iron plates or on a tramway, by which, when one is removed, its place 
is supplied by another. When cold, the bodies of the waggons are 
turned over and the blocks of slag removed. One of the advantages 
obtained by this method of working arises from the circumstance that, 
should the furnace at any time run lead or matte, without its being 
observed by the smelter, the w’holc of it will collect at the bottom of the 
waggon, where the block is contracted, and from which any metal or 
regulus may be removed when the mass has sufficiently cooled. 

These furnaces will smelt rich slags and other plumbiferous matters 
with an expenditure of about 10 per cent, of coke, while the slags 
obtained from them should not contain above 1 per cent, of lead. 

In working this furnace a little scrap iron is generally used, and care 
should be taken to prevent flame from appearing at its mouth; since, 
provided the slags are liquid and flow readily off, the cooler the furnace 
can be kept at top the less will be the loss of lead through volatilization. 
In addition to great attention being paid to the working of the furnace, 
it is necessary that the establishment should be provided with extensive 
flues, in which condensation of the fume may take place before arriving 
at the chimney through which the more volatile matters escape. As an 
instance of the economical working of these furnaces, it may bo stated 
that slags giving, by fire assay, only 8 per cent, of lead, with traces of 
silver of no commercial value, have been treated with advantage In 
Derbyshire, where large heaps of slag of the above percentage were 
worked, some years ago, in the Castilian furnace, only per cent, was 
directly obtained in the metallic form, while 4 per cent, was recovered 
from the flues in the state of fume, and subsequently reduced in a rever- 
beratory furnace. 

When ores of lead are treated in the blast-furnace, they are usually 
either smelted in the raw state with metallic iron, or are first roasted and 
subsequently fused with iron or a ferruginous flux. 
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Smelting Raw Ores with Metallic Iron. — This process was at one 
time extensively employed on the continent of Europe for the reduction 
of siliceous lead ores. In Silesia, where it was long used, it has been 
replaced by reverberatory smelting, while in the Upper Harz it has been 
superseded by a process in which basic silicate of iron, in the form of 
finery slags, has been substituted for metallic iron. 

The reduction of lead ores, consisting principally of galena associated 
with antimonial ores, quartz, and spathic iron ore, was formerly con- 
ducted at Clausthal as follows 

The mixture treated consisted of 34 centners of picked ore and slime, 
containing about 56 per cent, lead and 36 ounces of silver per ton ; 4 to 5 
centners of Heerd or silver-refinery bottoms impregnated with litharge ; 



Fig. 184.--01d Furnace, Clausthal ; front view. 


1 centner of Ahstricli^ or antimonial litharge, from the refinery ; 39 cent- 
ners of slags, derived either from the first fusion of the ore treated, or 
from the re-melting of mattes ; and 44 centners of granulated cast-iron. 

The fusion of this mixture was conducted, with soft wood charcoal as 
fuel, in a small blast-furnace of from 20 to 25 feet in height, and about 
3 feet square in the widest part. The hearth of the furnace was so 
arranged as to extend beyond the breast into a small raised platform 
situated immediately before it. The lining of the hearth was of refrac- 
tory fire-stone, and the bottom was hollowed out of brasque in such a 
way as to afford a gentle slope from the tuyer to beyond the front 
wall. A tapping-hole entered the lowest part of this basin, and afforded 
a means of drawing off its contents when accumulated in sufficient quan- 
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tity. This receiving basin, a, fig. 184, was on a level with the floor and 
at some distance from the breast of the furnace, which was supplied with 
a blast through a tuyer situated at f, %. 185, which represents a vertical 
section of the same furnace. 

In charging the mineral, care must be taken to direct it towards the 
side of the tuyer, while the fuel is chiefly thrown towards the broa«;t. 
The cold air constantly entering through the tuyer cools the slug pro- 
duced in its immediate vicinity, and forms around the nozzle a circular 
prolongation of six or seven inches in length, on the proper management 
of which depends, in a great measure, the success of the o{)eration. One 
of the principal uses of these nozzles is to prevent oxidation of lead ; 
since the blast being led to the fuel in the centre of the hearth through, 



Fig. 185 — Old Furnace, Clausthal ; vertical flection. 

but out of immediate contact with, the mineral charged at the back of 
the furnace, does not so readily give rise to the formation of fusible 
silicates of lead. 

With this view the smelter should attend to the proper regulation of 
the length of the slag-nozzle, as by it the economical working of the 
furnace is materially afiected. It is also necessary, by regulating the 
supply of air and fuel, to so arrange the temperature that the upper 
part of the shaft may not become too strongly heated, as in that case 
considerable quantities of lead are driven off. With all these precau- 
tions, there is, however, a considerable loss from sublimation, and there- 
fore the gases passing from the throat, T, are passed through chambers, 
C, fig. 185, before escaping into the atmosphere by the chimney, D, 
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In these chambers large quantities of fume accumulate, which is occa- 
sionally removed through the doors, fig. 184, for the purpose of being 
mixed with other lead products, and again treated in the furnace. 

During the whole time this furnace is in action the slags flow con- 
tinuously into the fore-hearth, where, being solidified, they are seized 
with a stout iron hook, and dragged down the inclined plane, p, to the 
foundry floor. When the basin, b, has become filled with metallic lead, 
the stopping is removed from the tapping-hole communicating with the 
reservoir, a, into which the metal is drawn oflP. 

Tlie products thus run off into the outer basin divide into two parts. 
The lower portion is metallic lead, while the higher consists of sulphide 
of lead, more or less mixed with sulphides of other metals originally 
present in the ore, and particularly with sulphide of iron, resulting from 
the decomposition of galena by that metal. This substance, which 
readily solidifies, is the first matte (or schlieghleistein), and is removed 
from the surface of the bath by an iron eye, around which a circular 
cake is allowed to solidify, and is stowed away for subsequent treatment. 
The lead is afterwards laded into moulds. The poorer slags arc thrown 
away, while those which contain lead are added as flux in a future 
operation. When a sufficient quantity of rich slag is not to be procured, 
some of the poorer slags are used for this purpose ; but this never takes 
place excepting when a proper supply of the richer kind is not to be 
obtained. The products resulting from a mixture having the composition 
before given, consisted of 19 centners of lead and 8 centners of first 
matte, containing from 30 to 35 per cent, of lead. 

WTien a considerable quantity of these first mattes had accumulated 
in the establishment they were roasted in heaps, laid on a stratum of 
fuel, and by this means large quantities of sulphur and sulphurous anhy- 
dride were disengaged. 

This first roasting occupied from three to four weeks, at the expiration 
of which time the heap was carefully picked over and the products 
divided into two classes; those portions which had been sufficiently 
roasted being again taken to the furnace and re-treated, while fragments 
which still retained a considerable amount of sulphur were subjected to 
a second process of roasting. By this process eight to nine successive 
roastings were necessary before the whole of the matte was obtained in 
a fit state for smelting. 

When sufficiently roasted, the mattes were fused in a small blast- 
furnace, after being mixed in about the following proportions with various 
other materials : — 

32 centners of roasted matte. 

30 „ of rich ore-furnace slags requiring cleaning. 

4 to 5 ,, of Heerd. 

2 „ of Abstrich. 

2 ,, of slags from the litharge-reviving furnace. 

1 ,, of granulated cast-irou. 

2 Q 



6lO ELEMENTS OF METALLUBOy. 

The furnace in which this mixture was introduced was about 5 feet 
in height^ and considerably contracted in tlio vicinity of the hoiurth, 
which, as in the case of the larger apparatus, was provided with a sloping 
fore<heartb, and a distinct tapping-basin for the reception of the metiUlic 
products. 

The fuel employed was mixed charcoal and cokt3, and the blast, suj)- 
plied by a single tuyer, was conducted into the funiacc through a slag- 
nozzle about 3 inches in length. During the process of roasting, tlie 
larger |X)rtion of the suJ])hiile of iron passed to the state of peroxide, 
and during the subsequent fusion, this oxide, partially reduced by the 
fuel, became protoxide, and united with the siliceous matters present to 
form a vitreous fusible slag ; which, flowing through the aperture of the 
foie-hearth, was continually removed. The sulphide of lead was at tlio 
same time reduced through the agency of metallic iron, and new mattes 
somewhat analogous in their coiuix)sitiou to the first wen* obtained. 

These, wlien sufficiently solidified by cooling, were removed in tliu 
way aircad}’ described, after which the lead wiis taken out in iron ladles 
and cast into pigs. 

The treatment of 32 centners of roasted matte, with its a>aOciatfcd 
fluxes and other products, afforded, at Clau&thal, 12 centners of metallic 
lead and S centnei’s of math'. 

The second mattes wore subjected to a treatment similar to that 
employed for those obtained by the direct treatment of the ores. They 
first underwent one or more roastings, and were subsequently treated in 
the same furnace and with the same additions as those employed in the 
case of first mattes. In this way a further amount of metallic lead and 
a third matte were obtained; this was again roasted, fused with a proper 
addition of fluxes and other matters, and metallic lead and a fourth matte 
were tlie result. The copper, of which a small quantity only is contained 
in the original ore, having a greater affinity for sulphur than is possessed 
by lead, accumulated in these mattes, whicli, after the fourth roasting 
and fusion, became rich in tliat metal. The suljddde last obtained, 
known by the name of copper matif*^ or KnpferMein^ was subsequently 
treated for coarse copper. 

The above process has been so far modified in latci years that, while 
still retaining the method of desulphurizing the ore in the furnace, it is 
no longer done by metallic iron, but by slags containing from 60 to 70 
per cent, of ferrous oxide, brought from the Lower Harz coj)per-works. 
The lead matt(j, or BleUtein^ is now first burnt in kibis, finished in open 
heaps, and constantly returned to tl e ore-smelting furnace until the con- 
tained copper is concentrated to about 13 per cent., wlieii it is passed on 
to a furnace for the production of copper regulus. The furnaces now 
used at Clausthal are circular in form, with a working height of about 
16 J feet above the tuyors, 6J feet in diameter at the throat, and 3 feet 
in the liearth. A tube 20 inches in diameter plunges about feet into 
the top of the column of materials, and carries off the gases to the flue- 
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chambers* Blast is supplied through four water-tuyexs, and the con* 
sumption of fuel is 40*6 of coke and 2*5 of charcoal per 100 parts of 
raw ore smelted. From to 8 tons of materials are passed through 
the furnace in twenty-four hours. The slags are re-smelted when con* 
taining 5 per cent of lead, and about 6 dwts. of silver per ton. 

Treatment op Lead Ores by Boasting and subsequent Smelting 
WITH Metallic Iron. — The method of smelting employed at Pontgibaud^ 
affords a good example of the treatment of highly siliceous lead ores by 
Toasting and subsequent fusion with metallic iron in the blast-furnace. 
The average produce of the stuff, as extracted from the mines, is about 5 
per cent, and consequently large quantities have to pass through the 
various processes of crushing and washing in order to obtain the amount 
of ore, containing on an average 50 per cent of lead, annually treated 
in the establishment. As much cobbed ore as practicable is, however, 
selected by hand picking, in order to avoid, as far as possible, the loss 
incident to mechanical preparation. The ores, which vary considerably 
in richness, both as regards lead and silver, are delivered to the works 
in a ground state; the gangue is always highly siliceous, but blende, 
barium sulphate, arsenical and ordinary iron pyrites are also present. 

All assays are made in iron crucibles, and, when properly conducted, 
yield results nearly as high as those obtained by the wet way ; this is 
doubtless owing to the impurities in the button of lead compensating for 
loss by volatilization. 

The process employed at Pontgibaud for the treatment of argentiferous 
galena comprehends two distinct operations, namely : — 

a. Calcining and fluxing in a reverberatory furnace. 
h. Smelting the fluxed ore with metallic iron in a blast-furnace. 

a. Calcining and fluxing , — Although the ores do not materially differ 
as regards the nature of their gangue, they vary considerably in richness, 
and consequently in the proportion of earthy matter they contain. It 
has therefore been found desirable, before commencing their treatment, 
to prepare a uniform mixture from all the parcels of ore available. On 
this greatly depends the regularity of the subsequent operations, and 
in a great measure also their economical working. 

As it would be diflicult to thoroughly mix the whole of the various 
parcels of ore, sometimes amounting to several hundred tons, a lit de 
grillage of 20 tons (20,000 kilos.), or a little more than the quantity 
usually calcined per diem, is prepared. This is done by weighing out 
and spreading in thin layers, one above another, the exact proportion of 
20 tons which each parcel bears to the total quantity in stock. The bed 
being thus prepared, the charges are obtained by cutting down, perpen- 
dicularly, with a shovel, the pile of stratified ore, in such a way that 
every ton of the mixture removed shall have the composition of the 
entire mass. To this mixture of ores are added the calcined mattes 

1 The mines and smelting works of Pontgibaud, Puy-de-Ddme, France, have, since 
1853, been carried on under English management. 
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resulting from smelting in the hlast-f urnace ; these usually contain about 
17 per cent, of lead and 14 ounces of silver per ton, and constitute about 
10 per cent of the charge. The object of adding them to the lits de 
grillage is, that the oxide of iron may serve as a flux at the close of the 
operation of roasting. As the ores are alwa^'s very quartzose a little 
mill-cinder is added in addition to the calcined matte. 

This mixture is calcined in large reverberatory furnaces, ■worked from 
both sides, 40 feet in length, outside measure, and 15 feet in ■width at 
the widest part. The exterior is built of cut lava, and the sides, bottom, 
and roof are of fire-brick. This furnace is provided with twelve working- 
doors, and is, as before stated, furnished -with a brick bottom. Of the 
six doors on each side of the furnace, two correspond with each charge, 
and enable the ■VN’orkmen to turn or advance the ore when required. 

The different parts of the furnace occupied in succession by every 
charge may be distingui.died as follows : — 

1st. Drying-bed innncdiately under the charging-hoppers and furthest 
removed from the fire-place. 

2nd. Desulphurizing or oxidizing-bed, occupying the middle and 
wddest part of the furnace. 

3rd. Fluxing-bed, next the fire-place. 

The first two are on the same level, and the third about 6 inches 
lower than the two others. 

At intervals of six hours, a charge of fused ore is withdra^wn by tap- 
ping, and the other charges in the furnace arc advanced a stage in the 
direction of the fire-place, wdiile a fre^h charge is let down from the 
hoppers upon the drying-bed beneath. The time each cliarge remains in 
the furnace is consequently eighteen hours ; 8 tons (8,000 kilos.) are thus 
roasted and fluxed in the course of twenty-four hours, with a consump- 
tion of about 2 tons (2,000 kilos.) of coal, and tlie addition of 6 percent, 
of lime. The amount of iron slag added is about 7 per cent. ; but ■what- 
ever the proportion of slag or lime may be, the weight of ore charged 
remains constant Four men per shift of twelve liours are employed 
at each furnace, and the loss of lead during tlie operation is from 2 
to 3 per cent 

h. Smelt inrf. — The fusion of the roasted ore and fluxes was for many 
years effected in Castilian furnaces constructed of blocks of cut lava, of 
which fig. 186 represents a front elevation. Their height from the slag- 
overflow, a, to the charging-door at the back, was 5 feet, and their internal 
diameter 35 inches ; diameter of tuyers, 3 inches ; pressure of blast, 4 
inches of water. The blast was supplied by the nozzles, h, of which 
there were three in connection with the mains, c; the tapping-hole was 
in the opening, d. Water-tuyers were not used. 

The lits de fusion were composed as follows : — 


Roasted ore 



Kilos. 

10,000 

Scrap-iron . 


. 

1,000 

Limestone . 



1,600 

Fluor-spar . 

. 


300 
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The above figures give the average quantities of flux in the furnace 
mixtures ; they were, however, modified with the nature of the ores, the 
proportions of limestone and fluor-spar varying most considerably. 

The mode of charging was similar to that employed for other furnaces 
of this kind, the ore being principally distributed around the sides, and 
the coke kept in the middle and towards the breast. This furnace was 
maintained constantly full, and care was taken not to allow flame to 
appear above the top of the charge ; the breast-pan was large and held 
from 15 to 20 pigs of lead. 

From 13 to 15 tons of roasted ore were smelted in the course of twenty- 



Fig. I8C.— Castilian Furnace, Pontgibaud ; elevation. 


four hours, with a consumption of about 1 ton of coke ; the quantity of 
lead obtained during the same time was from 100 to 120 pigs, or from 5 
to 6 tons. In addition to lead, the ores yielded from 7 to 10 per cent, 
of matte. 

Tlio slags, under the most favourable circumstances, contained nearly 
2 per cent, of lead ; when it exceeded 3 per cent, they were re-smelted. 
It was found, by assay, that tlie slags poorest in lead contained at least 
40 per cent, of ferrous oxide, but that this might be partially replaced 
by lime, especially when fluor-spar was added to the charge. Slags in 
which oxide of iron had been replaced by lime were, however, never so 
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poor in lead as those having the normal composition, while the amount of 
that metal volatilized was considerably increased. The proportion of 
slags produced was from 65 to 70 per cent, of the ore smelted, and as 
they flowed from the furnace they were received into cast-iron waggons, 
which when full were drawn to the waste heaps and tipped. 

The lead obtained from the Castilian furnace contained almost the 
whole of the silver originally present in the ores, except the comparatively 
small proportion combined with the mattes or retained in the slags. The 
usual assay of tlie mattes was from 15 to 20 per cent, of lead and from 
12 to 16 ounces of silver per ton; the amount of silver per ton (1,000 
kilos.) of lead varied from about 95 to 125 ounces, since not only do the 
Pontgibaud ores vary in their yield of this metal, but other ores are 
sometimes purchased and smelted with them. The whole of the silver 
in the mattes, and a portion of that in the slags, was recovered during 
subsequent operations, but traces of that metal are nevertheless unavoid- 
ably lost. According to assay, this loss amounted to 6 ’12 dwts. per ton 
of slag, or about 0*568 per cent, of the total quantity contained in the 
ores. A certain amount of silver was also volatilized with the lead, but 
what proportion w(is lost from this cause could not be easily determined. 
That it was, however, very small is probable, from the known behaviour of 
silver in a reducing atmosphere, and from the low proportion of that metal 
found by assay in the fumes collected from the flues and condensers. 

The proportion of silver thus carried off, and subsequently recovered 
in all the various processes, including cupellation, amounted to only 
0*470 per cent, of the total quantity contained in the ores. 

The loss of lead in smelting ores in the blast-furnace amounted to 17 
per cent, of the quantity contained in them ; 2 per cent, of this was sub- 
sequently recovered from slags by re-smelting, and about 34 per cent, 
from fumes. Tlie actual loss in the operation was consequently equal to 
11| per cent, of the total quantity indicated by assay as contained in 
the ores. 

The fume collected from the flues was subsequently mixed with sili- 
ceous ores, and fused in a calcining furnace. The fused mass thus 
obtained was smelted in the blast-furnace like ordinary ores. The fume 
and ore were mixed in the following proportions, and charged into the 
calcining furnace, through the working-doors, upon the middle bed. 

Fume 60 parts, assay 62*7 per cent. lead. 

Ore 40 „ „ 40 0 „ „ 

Each chaise weighed 2J tons, and live charges, or 12 ^ tons, could bo 
passed through a furnace in twenty-four hours ; the loss of weight expe- 
rienced being about 15 per cent. The same number of men were em- 
ployed as for roasting ore ; the consumption of coal was 17 per cent., and 
of lime 3 per cent., of the weight of calcined stuff. 

The furnace -mixtures, for fume and ore, were composed as fol- 
lows : — 
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Fume and ore , 


Kilos. 

. 10,000 

Iron «... 

. . . 

. 1,200 

Limestone . 

. . . 

. 3,500 

Fluor-spar . . . . 

. 

300 



15,000 


The^above quantity was smelted in the Castilian furnace in twenty- 
four hours, with a consumption of 9 per cent, of coke. 

The quantity of fume annually collected was about 150 tons, averaging 
57 per cent, of lead and 4 ounces 5 dwts. of silver per ton. Its richness 
varied in different parts of the flue, but in general the percentage of lead 
increased, while the proportion of silver decreased with the distance from 
the furnaces. The lead recovered from fume amounted to 78*57 per 
cent, of the quantity contained in it, as indicated by assay; or 3*67 per 
cent, of the total quantity in the ore. 

The lead produced from the blast-furnace required to be softened 
before desilvcrization by Pattinson’s process. This was effected by 
exposing it^at a low red-heat to partial oxidation in a reverberatory 
furnace. 

Losses of Lead and Silcer , — From 100 parts of lead contained in the 
ores treated, 85*75 parts were obtained, either directly or from fumes and 
slags, namely — 

Per Cent 

From ores . . .... 80*04 

From fumes 3*67 

From slags 2*04 

85*75 

In desilverizing the lead by crystallization a loss of 3*25 per cent, was 
experienced, the total weight of poor lead produced for sale being 82*50 
per cent, of the quantity contained in the ores. The loss in desilverizing 
was distributed as follows — 

Per Cent 

Refining and reducing 1*25 

Improving and reducing .... 2*00 

3*25 


The loss of lead in the 
process was therefore — 

In roasting 
In smelting 
In desilverizing 


three principal divisions of the Pontgibaud 


Per Cent 
. 2*50 
. 11*75 
. 3*25 


17*50 


The percentage losses on the total quantity of silver obtained from 
the ore were — 
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Ter Cent. 

In blags* 0*568 

In market lead 0*533 

1*101* 

By tlio processes employed when the Castilian furnace was in opera- 
tion the annual production of silver is from to 4 per cent, in excess 
of that indicated by assay of the ores treated. 

Of 100 parts of silver produced 

98*82 were obtained direct from the ores, 

0*64 ,, from the slags, i 

0*54 ,, from the fumes. ♦ 

The quantitio.^ of lead and ^ilve^ produced at the Pontgibaud smelting 
works (from local and purchased ores) for the year 1880 wore as follow : — 

Lead 1,424 tons. 

Siht i 174,012 ounces. 

The Castilian furnace ha> now, for some time, been replaced at 
Pontgibaud by the water-jacket furnace, figs. 187, 188, described at pp. 
618, 619, as being employed at Coueron. These new furnaces, in a given 
time, get through a larger amount of material than the old ones, with 
only a slightly increased expenditure of fuel. The action of the water- 
jacket furnace is continuous, so that there is no loss of time, and the 
expense of repairs is much reduced. The calcination and fluxing of the 
ores at these works previous to smelting are conducted as formerly, the 
furnace -mixtures being exactly similar to those used in the Castilian 
furnace — the general routine of the operations in the establishment 
remaining unchanged, except that the separation of silver from lead is 
now effected by zinc. 

Treatment of Siliceous Ores at Coueron. — This treatment compre- 
hends two distinct operations : - — 

a. Calcinati<m in the reverberatory furnace, 

h. Reduction in tlie blast-furnace, with lime and basic silicates of iron 
as fluxes. 

a. Calcination . — The reverberatory furnace employed for this purpose 
is similar in form and dimensions to that represented in ligs. 181, 182, 
183, p. 591, 592 ; the only difference in the two being that the furnace 
used for roasting has no tapping-i)ot, and has the bottom filled with 
black slag, level with the working doors, so as to form a flat hearth on 
which the charge may be uniformly spread and exposed to the fire. The 
ores roasted in this furnace contain from 50 to 60 per cent, of lead, with 
variable proportions of silica. They are worked in charges of 1,400 kilos., 
or about 28 cwts., each. 

^ Af indicated by the assay of slags and market lead ; the actual production was 
slightly in excess of that found by the assay of ores. 

2 This methml of treating lead ores was introduced at Coueron by the late Mr. 
William Hutchison. 
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Each charge is placed ready in the hopper above the furnace in order 
that it may be let down when required, without loss of time. Ores which 
are not sufficiently small are ground, and sifted through sieves with 
meshes ] of an inch in diameter. 

The interior of the furnace being red hot, the charge is introduced 
and at once spread evenly over the hearth ; the damper having been 
previously run down to the lowest point so as to reduce the draught, and 
thereby prevent mechanical loss of fine ore. The working-doors are 
now closed, and the charge is left undisturbed until decrepitation has 
entirely ceased and the ore has become partially red hot. It is then 
carefully rabbled, so as to expose the under parts to the heat, and a few 
minutes afterwards is turned with paddles. In about an hour the charge 
will have acquired a uniform dull-red heat. More air is then admitted 
by partially opening the fire-door and the two working-doors nearest the 
bridge. The damper is at the same time so adjusted as to afford only 
sufficient draught for the free escape of sulphurous fumes. The charge 
is turned or rabbled at intervals of about a quarter of an hour, so as to 
expose fresh surfaces to the oxidizing action of the air, and, by that 
means, to convert the sidphides into oxides and sulphates with evolution 
of sulphurous anhydride. 

The partial opening of the doors for the admission of air has the 
effect of cooling the charge below the temperature requisite for oxidation, 
and in order to maintain it at the proper dull-red heat, it is necessary 
to close, from time to time, all the doors, and to throw a few shovelsful 
of fuel on the fire. The fuel preferred at this stage of the process is 
cinders, since in burning they yield but little flame ; care must, however, 
be taken not to raise the heat beyond the proper point, or it will cause 
the ore to clot, thereby rendering its subsequent desulphurization, w'ithin 
a reasonable time, impossible. Whenever it evinces a tendency to soften, 
the doors are at once o})ened and the dam2)er is raised, until the charge 
has cooled to the proper temperature. 

The alternate heating and cooling of the cliarge is repeated at frequent 
intervals during the entire process, and in such a "way that, while furnished 
with a plentiful supply of air, it is maintained, as nearly as possible, at a 
dull-red lieat without clotting. The ore is raked and turned at regularly 
recurring intervals, until at the end of six hours it contains a sufficient 
amount of oxide and sulphate of lead to effect the decomposition of a 
large portion of the remaining sulphide of lead during the subsequent 
stage of agglomeration. Six hours are generally found to be sufficient to 
determine the necessary desulphurization of ordinary ores. At the expira- 
tion of that time the heat is considerably increased in order to effect the 
agglomeration of the charge and to give it the cohesion necessary for passing 
through the blast-furnace. The grate is therefore cleaned from clinker, 
the damper drawn up, and fresh coals put on until a good fire is obtained. 
Under the influence of the increasing temperature the charge soon begins 
to soften, and at the same time it is constantly raked, turned with the 
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paddle, and advanced towards the bridge. In proportion as it melts it is 
raked through one of the working-doors upon the floor of the furiiace- 



Flg 187.— Water jacket Furnace, CouSron ; vertical section. 

house. At the expiration of about two hours the whole of the charge 
will have become agglomerated, and is withdrawn. A fresh charge is 
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now let down from the hopper, spread evenly over the sole as before, and 
the operation of roasting is repeated. In this way three charges of 1,400 
kilos, each are worked in twenty-four hours ; two men are employed per 
shift of twelve hours, and the consumption of coal amounts to 22 per 
cent, of the weight of raw ore treated. 

h. Reduction of Calcined Ch'es and Grey Slags . — The form and arrange- 
ment of the blast-furnace employed at Coueron will be understood from 
the woodcuts, figs. 187 and 188 ; of which the first is a vertical section 
through the fore-hearth, and the second a horizontal section through the 
"tuyers, but without the slag-lip, Z. It is considerably higher than the 
ordinary Castilian furnace, and is charged at the top ; the brickwork of 
the lower portion of the furnace, which is usually burnt through very 
rapidly, being replaced, to a height of about 3 feet, by an annular cylin- 
der of iron, A, kept cool by the circulation through it of a constant 
stream of water. The whole of the upper part, B, is cased with strong 
sheet-iron, riveted together so as to prevent the escape of fume. 



Fig. 188.— Water-jickct Furnace, Coueron ; horizontal section 

The body. A, is either made of cast-iron in one piece, with five 
tuyers, c, equidistant from one another, and converging towards the 
vertical axis of the furnace, or of ^-inch boiler-plate. The number of 
tuyers, and their position, are matters of importance as affecting the 
working of the furnace. Were fewer tuyers employed, and were they 
placed farther from the breast, as is generally the case, the cooling effect 
of the water in front would be prejudicial to the regular descent of the 
charge. In this furnace as much as 25 to 30 tons of stuff are smelted in 
twenty-four hours, the slags being reduced at the same time to a yield of 
J to i per cent, of lead. 

In making the hollow jacket, A, it is important not only that the 
tuyers should be equidistant from one another and converging towards 
the central axis of the furnace, but also that they should be perfectly 
round, and have their axes placed horizontally. During the working of 
this apparatus attention must be paid to keeping up a regular supply of 
cold water. 

The arrangement shown in dotted lines on the vertical section, fig. 187, 
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is the most convenient for the escape of the warm water, since it enables 
the workmen to see at a glance the quantity and temperature of the water 
as it flows from the outlet-pipes, and falls into a funnel, e, placed 
beneath and in connection with a drain. On the side opposite that 
from which the warm water escapes an inlet-pipe is fixed, which conducts 
cold water to the bottom of the jacket ; this pipe is about 1 J inch in 
diameter, and is provided with a tap to regulate the supply. 

The sheet-iron hood,/, shown in fig. 187, is placed over the fore- 
hearth, for the purpose of carrying off the fume which escapes from 
the breast, and might injuriously affect the health of the charger work- 
ing on the top. This hood is so arranged as not to interfere with the 
work at the fore-hearth, since, when necessary, it can be pulled up on its 
hinges out of the way of the workmen by a chain, and pulley, i ; 
the iron cylinder with five tuyers can be adapted to the ordinary 
furnace, charged at the side or back in the usual way. It is never- 
theless thought that this system of charging on the top through the 
iron cylinder, C, closed by the cover K, is to be preferred for lead 
furnaces to the old plan, as preventing, to a great extent, the entrance of 
atmospheric air into the flue. The products of combustion, &c., escape 
by the flue, L, and the bottom of the furnace, D, is cut out of a mass of 
brasque, E, in the usual way. 

The adoption of the 'water-jacket has led, at Coueron, to a consider- 
able saving in repairs, bricks, clay, iron, and wages. The most important 
economy, however, is in smelter’s wages. Owing to the fact that the 
time required at the old furnaces to patch up the sides is now entirely 
employed in smelting, a proportionately larger quantity of stuff is 
worked through. The greater regularity in the 'W'orking of this furnace 
has the effect of rendering the slags poorer than they were formerly. 
There is, therefore, not only a saving of lead from this source, but also a 
reduction of cost consequent on there being no rich slags to re-'vvork. 

The quantity of siliceous ores smelted at Coueron being relatively 
small, it is more convenient and economical to mix them with grey slag, 
fume, &c., than to treat them alone. The following is the usual com- 
position of the mixture smelted : — 


Grey slags from reverberatory furnaces 

Kilos. 

. 10,000 

Calcined ore 

. 2,000 

Agglomerated funu* .... 

. 2,000 

Iron slags 

. 3,000 


17,000 


Before lighting this furnace the iron casing is filled with water by 
opening the cock at the back, and a small fire only is at first made, with 
wood and coke, for the purpose of drying and heating the bottom, E. 
This fire is kept up until the bottom becomes perfectly dry and is suffi- 
ciently hot to prevent the first slags from setting and reducing the 
capacity of the breast-pan. Coke is now charged at frequent intervals. 
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until the furnace contains a mass of burning fuel to a height of 3 feet 
above the tuyers. 

The natural draught is at first sufficient to carry on combustion, but 
when the mass has become thoroughly ignited a light blast is introduced 
through the tuyers. Before turning on, however, the blast from the fan, 
the fore-breast is cleaned out, and some burning coke is pulled forward 
to the level of the lip, I ; this is covered with a shovelful of cinders, and 
the opening closed by stiff clay. A hole is made with a pointed bar 
between the cinders and the clay, so as to allow a jet of flame to escape 
for the purpose of heating the fore-breast and preventing the first outflow 
of slag from adhering to the front. After a few minutes this flame is 
stopped by putting a lump of coke before the hole, together with two or 
three shovelsful of cinders. Should these not suffice, some clay is pressed 
down on the cinders to increase their cohesion. The tap-hole is likewise 
left open for a short time after the blast has been turned on, and is 
afterwards closed with stiff’ clay. 

The furnace is at first charged with slag only, until fused slag begins 
to appear before the tuyers. The charging of the furnace mixture, alter- 
nately with the requisite proportion of coke, is then begun and sub- 
sequently continued with but little interruption, until the furnace has 
become filled to the height of the hopper, C, below which the charge must 
not be allowed to sink. The mixture to be smelted is introduced equally 
all round and against the sides in such a way that a depression is left in 
the middle after each charge for the reception of coke. From the moment 
the charge has attained a proper height in the furnace, the blast is increased 
to its full force, the tuyers being worked with a very short nose of slag, 
and kept constantly bright. 

During the heating-up of the furnace the water in the iron casing 
becomes hot, and must be constantly renewed by the regular admission 
of cold water through the feed-tap. This supply is so adjusted that 
its temperature at the outflow may be always under the boiling-point, 
or about 80** C. ; but comparatively little water is required after the 
slag has come down, since a crust of the latter adheres to the sides and 
interposes a layer of non-conducting material between the iron and the 
fuel in the funiace. 

The fused products in their descent collect in the cavity, D, in the 
bottom of the furnace, formed of brasque, and arrange themselves ac- 
cording to their specific gravities. Lead being the heavier, sinks to the 
bottom, whilst the supernatant slag flows out through the opening made 
with a bar in the stopping of the fore-breast, and thence over the lip, Z, 
into the cast-iron waggon, F. These waggons are made to run either on 
cast-iron plates or on a railway to a distance from the furnace, where, on 
cooling, the slag is tipped out and examined for lead previous to being 
thrown away. 

The flow of slag from the furnace now becomes continuous, or nearly 
so, being only checked by the gradual cooling of the stream as it runs 
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over the lip. The solidified slag is, however, from time to time detached 
with a slice, and its flow maintained unchecked until it is found, by 
sounding, that •tlio lead in tho broast-pan has risen nearly to the level of 
the lip. A bar is then forced into the tap-hole for the purpose of break- 
ing the clay stopping and drawing off tho lead into a pot sunk in the floor. 
At the same time the slag-opening in the breast is temporarily stopped 
with ashes or clay to prevent tho blast from escaping on tho lowering of 
the slag-level, which follows the tapping of the lead. 

As soon as slag begins to make its appearance the tap-hole is im- 
mediately stopped, either by an iron bar or by a plug of clay stuck on 
the end of a jx)le and adroitly wedged into the aperture, while the lead 
collected in the pot, after having been cleaned and skimmed, is laded into 
pig-moulds. For a short time after tapping, the wind is shut off, the fore- 
breast is opened, and the bottom cleaned from any lumps of slag, which, 
if allowed to remain, would interfere wnth the working of tho furnace. 
This cleaning-out having been accomjdished, in a few minutes tho breast 
is again closed with clay and cinders, and the blast is turned on as before. 
Shortly afterwaixls, as the slag rises above tho level of the outflow, a holo 
for its escape is again made in the breast by an iron bar. 

It is observed that this furnace generally works faster and better for 
some time after the withdrawal of the unfused matters accumulated on 
the hearth bottom ; but these are not generally cleaned out after every 
tapping, unless the furnace is driving slowly ; two or three cleanings per 
shift are usually sufficient, but this depends on the working of the furnace 
and the nature of the material smelted. The number of lead tappings 
per day depends on the size of the breast-pan and on the richness of the 
matters treated. Ordinarily, four or five tappings, each of IG to 20 pigs, 
are made per shift of twelve hours. 

The average quantity of stufi* smelted in twenty-four hours is from 22 
to 25 tons, which can be increased to 30 tons witli free-running slags. A 
smelting campaign lasts tliree months without interruption, and would 
probably last six, or even twelve months, were the supply of ore un- 
limited. Attention and experience on the part of the smelter are re- 
quired to avoid mishaps, and to prevent a premature stoppage of the 
furnace. In any case, there is no necessity to stop for ordinary repairs, 
as in the case of Castilian furnaces built entirely of brick. 

The consumption of gas-coke of inferior quality is 10 per cent, of tho 
furnace mixture. Ko iron is added, and no matte is obtained. A littlo 
iron is reduced in the furnace from the iron slags employed as flux, and 
perhaps this accounts for the poorness of the slags produced, which very 
seldom exceed J per cent, for lead. The slags are sometimes so highly 
basic that it is necessary to add sand to the mixture in order to render it 
sufficiently fusible, and to prevent the furnace from gobbing. The most 
fusible slags contain about 30 per cent, of silica. The number of men 
employed at this furnace is five, and the loss of lead, exclusive of fume 
collected in the flues, is 6 per cent. It sliould be mentioned that the 
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furnace is connected with long flues and condensers for the condensation 
of lead fumes. 

Furnaces of this class are, in addition to the ordinary tap-hole, now 
generally provided with a “syphon-tap,” a contrivance by which the 
molten lead rises through an oblique channel to the bottom of a reser- 
voir in which it rises to the same level as that which it occupies in 
the furnace. As the lead accumulates in this basin it is laded into 
moulds, while the slags flow constantly olF through an entirely difierent 
orifice. 

Lead - Smelting in Colorado.^ Ores. — The material treated at 
Leadvillo, Colorado, consists of argentiferous lead ores, which are locally 
divided into two general classes, namely, sand carbonates and hard 
carbonates. The first consists of loose sandy masses of lead carbonate 
containing chloride of silver, while the second are a porous siliceous 
material more or less mixed with the hydrated oxides of iron and man- 
ganese, associated with lead carbonate and silver chloride; sometimes 
containing considerable quantities of unaltered argentiferous galena. 
With the exception of mechanical mixtures of clay, limonite, and silica, 
they contain but few foreign ingredients. Pyromorphite and anglesite 
are usually present in small quantities, as are also oxidized compounds of 
copper, arsenic, and antimony. Ores rich in manganese are usually poor 
in silver. 

The galena is frequently covered by a coating of lead carbonate, 
indicating the conversion of the sulphide, first into sulphate, and subse- 
quently into carbonate. Bismuth and vanadium occur in the ores from 
a few of the Leadville mines. In addition to chloride of silver, the 
oxidized ores contain silver in combination with iodine and bromine. 
Large masses of hornsilver are occasionally found, and on various occa- 
sions several tons of ore have been taken from the R. E. Lee Mine assay- 
ing from 8,000 to 15,000 ounces of silver per ton, and almost entirely 
free from lead. The Leadville ores usually contain so small a proportion 
of gold that its presence can only be discovered by an examination of 
the silver obtained, but not in the ore itself. In 1880 the daily output 
of the several mines was between 700 and 800 tons of ore. 

Fuel and Fliues . — The fuel employed is coke and pine charcoal, but 
before the opening of the railway coke had to be brought over distances 
varying from 30 to 150 miles by ox or mule teams, and charcoal was 
consequently more generally used than it is at the present time. The 
coke employed is made from coal of Upper Cretaceous age, containing 
from to 22 per cent, of ash, and is brought from South Park by the 
Denver, South Park, and Pacific Railroad, or from El Moro by the 
Denver and Rio Grande Railroad. Coke from Pennsylvania is also used. 

1 For more detailed information on this subject the reader should consult an article 
on ‘ Lead-Smelting at LeadviUe, ’ by S. F. Emmons, in * Precious Metal Deposits of the 
United States,* Washington, 1S85. In this paper, from which the illustrations and 
data here given have been principally derived, the author acknowledges great obliga- 
tions to an unpublished report by Mr. A. Guyard. 
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The fluxes used are limestone, haematite, and limonite. The lime- 
stone, 'which is of Cretaceous age, is brought from Canon City, a distance 
of 117 miles by rail, while the haematite and limonite arc obtained from 
local mines, and contain small quantities of silver. In many cases the 
ores themselves are so ferruginous as to require a very small addition 
only of iron oxide. According to Mr. Guyard, the average proportion of 
flux employed at eight principal smelting-works in the district in the 
year 1880 was 33*8 parts to 100 parts of ore. 

Furnaces. — Blast-furnaces are exclusively employed at Lcadville, and 
of these two varieties were in use during the year 1880, tlie one present- 
ing a circular horizontal cross section, sometimes called the Pilz furnace, 
while the other is a modification of the Rachette furnace, and is rectan- 
gular. In 1882 the rectangular furnace had entirely superseded the 
former. The circular section, although possessing advantages with regard 
to the regularity of the descent of the charges, is more expensive in 
construction, while the diameter of the hearth is limited by the strength 
of the blast employed. 

With ordinary blowing -appliances, a circular furnace can only be 
successfully worked when of very moderate dimensions. The rectangular 
furnace, on the contrary, can be constructed with a width at the tuyers 
commensurate with the strength of the blast, while the production may 
be increased by extending the length of the cross section. In lead- 
smelting, it is undesirable to employ the high-pressure blast required by 
a circular furnace of large diameter, since the resulting high temperature 
would promote the production of metallic fumes, which are never per- 
fectly recovered. 

The rectangular and circular furnaces at Lcadville are both con- 
structed on the same general plan with regard to height, method of 
support, water-jacket, <fec., but their dimensions differ very considerably, 
since their smelting capacity in the twenty-four hours varies from 15 to 
40 tons. Fig. 189 represents, in elevation, the rectangular furnace 
employed at Leadville, drawn to a scale of 9 feet to the inch. Fig. 191 
is the same furnace in horizontal section at the level of the tuyers; 
fig. 190 shows a vertical section on its larger diameter; and fig. 192 a 
horizontal section at the height of the charging-door. The stack of 
refractory masonry, a, rests upon a cast-iron plate, \ supported upon 
pillars, c, in order that no unnecessary weight may rest upon the bottom 
2 X)rtions of the structure. The sides and ends of the hearth for some 
distance above and below the tuyers are water-jackets, d, formed in 
sections, and constructed either of cast-iron, wrought-iron, or steel. In 
the furnace of which an illustration is given the water-jackets are twelve 
in number, finnly bolted together and provided with openings for the 
introduction of the tuyers, e. A cold-water pipe runs around the 
furnace above the water-jackets, and water is admitted into each by 
a suitable tap ; outlets for the heated water, and gutters for its removal 
are also provided. The interval between the water-jackets and the cast- 
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iron plate, h, which supports the shaft of the furnace, is filled with brick- 
work, which, in case of necessity, can be easily removed. The lower 



Fig 191.— Seotion on C, D Fig 102 —Section on B, F 

Beotangular Furnace, Leadville. 


ends of the water-jackets rest upon the hearth, /, which consists of 
cast-iron plates bolted together and lined either with fire-bricks or 
brasque, which is locally known as “ steep. The usual form of the 

2 R 
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bottom, is shown in the illustrations, but this may bo modified accord- 
ing to the working of the furnace without involving any change in the 
casing of iron plates. The hearth-plates enclose the lead- well, 7/, and the 
channel, i. The melted lead, rising through the oblique passage, 2 , fig. 
189, to the same level which it occupies in the furnace, can be laded 
into moulds at leisure from the lead- well, h (fig. 191), without the inter- 
ruption to the work incident to the old method of tapping at intervals. 

At the end of the furnace, just above the liearth, an opening is left in 
the water-jacket for tapping-off the slag. This is stopped with clay, 
which can be pierced when required, allowing the slag to run off through 
the gutter, A*, into a slag-bogie placed beneath for its reception. A hood, 
7, is generally placed over the tapping-hole to carry off any metallic 
fumes which may be given oiF during the operation. The number of 
tuyers varies with the dimensions of the furnace, but a tuyer is always 
placed at the extremity of the hearth oj)posito the slag-tap. Sometimes 
a tuyer is also introduced above it, but this is somewliat in the way, 
and is consequently often omitted. A slide, ???, at the elbow of the 
nozzle, admits of looking into the interior of the furnace, and the intio- 
diiction, when necessary, of a small iron })ar. The tuyers are connected 
to the blast-pipes, when cold-blast is employed, by canvas liose, the 
flexibility of which admits of their adjustment or removal when re<iuire(l. 
The feed-openings, o, on tlio upper floor, are closed by counterpoised 
doors, p. The furnace terminates in a short cliimney, < 7 , and may, in 
case of n(*ed, be worked without the dust-chambers, wuth which it com- 
municates by the flue, r. 

As an example of furnaces of this description recently erected those 
of Eddy, James, and Grant, built at Denver in 1882, may bo cited.^ 
There are eight of these furnaces of the same pattern and .size, of which 
the height to the charging-floor is 18 feet. Their diameters 3 fe(*t 
below this point are 60 x 102 inches ; at the top of the jackets 48 x 92i 
inches, and at the tuyer level 36 x 80’ inches. The smelting-capacity of 
each is about 30 tons per twenty-four iiours. Eacli furnace has ten 
tuyers, four on each side, and one at each end. The fumes ami w'aste 
gases are drawn from them, a little below the charging-floor, into large 
dust-chambers connected with a high stack. The blowing-apparatus 
employed at Leadville is usually Baker’s rotary blowing-engine, although 
at one establishment a Roots’ blower i.s used. 

Smelting , — The furnace is frst dried by a slow fire of wood or char- 
coal, and, when dry, the fire is allowed to bum out and the brickwork 
left to cooL The hearth is then lined witli brasque in the usual way, 
the dam and syphon-tap l>eing frequently lined with fire-clay only. The 
shaft is filled to the height of the feed-door with charcoal, the tuyer- 
hole.s and tap-hole being left open to create a draught, and the whole 
gradually becomes incandescent to the throat. The blast is then gradually 

1 * Engineering and Mining Journal,’ xxr., p. 1G3. 
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turned on; the tuyer-holes in the water-jackets, with the exception of 
either two or four, are stopped with clay, and the canvas hose of the 
corresponding tuyers tied with string. Tuyers are inserted in the holes 
left open, the tymp is set in its place, and the blast turned on at full 
pressure. A long jet of flame now issues from the syphon-tap, and the 
blast is steadily kept up until the lead-well has become thoroughly red 
hot. The remaining tuyer-holes are afterwards opened and the blast 
admitted at the normal pressure ; the hearth is now ready for filling. 

Pigs of argentiferous lead, kept in reserve for this purpose, varying in 
amount from 4 to 12 tons, in accordance with the capacity of the furnace, 
are now introduced, together with additional fuel, the proportion being 
about 14 lbs. of charcoal to 100 lbs. of lead. From 100 to 150 bushels 
of charcoal, according to the capacity of the furnace, are consumed during 
the blowing-in ; when the lead makes its appearance in the well it is 
covered with a few pieces of charcoal, and the furnace is ready for 
work. 

Old slags are first thrown into the furnace, which is not in a condi- 
tion for charging until these have become perfectly liquid. The tap-hole 
in the tymp is opened from time to time, and the regular charging begins 
only when the slags are found to flow freely. In charging, the ores, 
slags, and fluxes are mixed together, and are deposited next the walls, 
while the fuel is thrown into the depression left in the centre. The 
tapping of slags begins as soon as the furnace gets into regular operation, 
and usually takes place at intervals of fifteen or twenty minutes, although 
in a few works the system of a continuous flow is adopted. From time 
to time the metal is dipped from the lead- well in wrought-iron ladles, and 
is poured into moulds. The pig lead, or hose htdlion, carries from 100 
to 250 ounces of silver per ton of 2,000 lbs., and from 0*25 to 4 ounces 
of gold. 

The length of a run is seldom less than three weeks, and sometimes 
extends over as long as thirteen months. According to Mr. Guyard, the 
average consumption of fuel is 32*83 per cent, of the ore worked, or 23*6 
per cent, of the mixture put through the furnace. Of the lead present 
in the ores 88 per cent, is obtained in the metallic state, the remainder 
going into the slags or escaping into the stack. Each unit of lead pro- 
duced necessitates the expenditure of unit of fuel, and the cost of 
smelting varies from $12 to $18 per ton (2,000 lbs.) of ore treated. 

The “ base bullion ” produced in Colorado is forwarded to the Eastern 
States, where it is treated for the silver and gold which it contains. 

Horno de Gran Tiro, or Pavo. — This furnace, which is used in some 
parts of Spain, and particularly in the district of Cartagena, for smelting 
poor carbonates of lead, is a barrel-shaped slag-hearth, which, instead 
of being supplied with blast by a fan or blower, is worked by a strong 
draught obtained by the aid of a chimney of about 45 feet in height. 
This is connected with the furnace by an inclined flue at the top, while 
the air enters through six horizontal tuyers, of refractory clay, arranged 
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radially around it a little above the level of the hearth, which is formed 
of brasque in the usual way. Coke is the fuel employed, and the ores 
treated commonly yield, by assay, about 1 2 per cent, of lead ; the average 
production of metal is from 8 to 9 per cent., and the consumption of fuel 
from 30 to 32 cwts. per ton of lead obtained. 

The methods of treating lead ores in the blast-furnace, and the form 
and dimensions of the furnaces employed, vary in accordance with the 
nature of the ores and the description of the fuel available, and admit of 
almost endless modification. In this country, where the ores treated are 
delivered to the smelter in a concentrated state, and where fuel is com- 
paratively cheap, the blast-furnace has, until lately, been seldom employed, 
except for the reduction of slags and other furnace products. 

Smelting in Shallow Hearths. 

Backwoods Heauth. — Tlie early settlers in Missouri, United States 
of America, were in the habit of extracting lead from galena by means of 
a rude hearth constructed of earth and rough stonework, but without the 
aid of any sort of blast. The front wall of this heartli was about 8 feet 
in length and 6 feet in height ; the internal cavity was 8 feet long and 2 
feet wide at bottom, but gradually widened towanls the top. Tliis sloped 
regularly towards the front w’all, in which, on tlie prolongation of the 
longer axis, was an arch enclosing an aperture through which the molten 
metal made its escape. 

In the bottom of the cavity thus formed, a layer of heavy logs was 
laid, longitudinally, and then followed a stratum of split billets; upon 
these the galena was deposited, and tlie whole covered by a layer of smaller 
branches chopj)ed into short lengths. The fire was kindled through the 
front arch, which, with the exception of a hole for the e.scape of metal, 
was subsequently closed, and tlie reduced lead, llowing continuously 
through it, was collected in a basin in front. The time occu])ied by this 
operation was twenty-four hours, and miarly pure galenas afforded one- 
half their weight of metal ; the lead and slags remaining in the ashes 
were subsequently treated in a rough substitubi for the slag-hearth called 
an ** ash-furnace.” This very ])riniitive method of smelting, although of 
comparatively recent date, is now obsolete, but is probably very similar to 
some of the processes employed in remote antiquity for the extraction of 
lead from its ores. 

Ore-Hearth, or Scotch Furnace. — In tlie North of England the 
smelting of lead ores is often conducted in the ore-heartli or Scotch fur- 
nace. This consists of a rectangular cavity about 22 indies square ; its 
depth varies from 22 to 26 inches, the whole of its int‘riial surface being 
lined with cast-iron. The bottom, which consists of hut one casting, is 
surrounded by a ledge ; excepting, sometimes, on the side facing the xoork- 
stone, a, fig. 193, which may be 2 feet 10 inches in breadth, and about 1 
foot 10 inches in the other direction. 
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This is provided with a shallow ledge, 5, on each side, and is placed 
with a fall of a few inches on its length. Its higher side, c, rests on the 
hearth bottom, or in some instances is united to it, and forms only one 
casting. When this is not the case, the joint between the two is closed 
and made lead-tight by a cement of moistened bone-ash well kneaded 
together. On the back edge of the bottom is placed a prism of cast-iron 
called a hack-btone^ about x 5 inches, and 28 inches in length ; on this 
rests tlie nozzle of tlie tuyer, over which is again placed another iron 
casting called the pipe stone^ of the same length as the back-stone, and 10 
inches square. This lias, at the centre, a cavity for the introduction of 
the tuyer. On it is again placed another back-stone of nearly the same 
dimensions as the first, which completes this side of the hearth, and 
usually makes its total height from the bottom about 25 inches. Along 



Fig 193 .— Ore-Hc.irtli. 


the lateral edges of the bottom are placed two prismatic castings called 
hedvers / these are each 26 inches in length and 7 inches square, which 
project slightly over the upper edge of the work-stone. Above these 
bearers, and at a distance of 13 inches from the back of the hearth, is 
supported another bar of cast-iron called the forest me^ which has the 
same form and dimensions as that on which rests the tuyer of the blow- 
ing apparatus. The space at each end of -the fore-stone is now closed by 
two lumps of cast-iron measuring 10 inches of a side, called key stoves. 
Before the work-stone, a, and set in masonry enclosed in a circular 
cast-iron casing, G, is the lead-pot, E, into which the melted metal, as it 
issues from the hearth, is conducted by the oblique channel, /, sunk 
beneath the surface of the iron plate. In the 'woodcut this pot is not 
shown sufficiently near the furnace. To prevent the escape of fumes 



630 


ELEMENTS OP METALLURGY. 


into the smelting-house, which might injure the health of the persons 
employed, the entire hearth is often enclosed in a hood of arched 
masonry, H, communicating with the chimney, and in which is left a 
small door, I. In the majority of ore hearths the hood is carried much 
higher than that sliown in the woodcut. The sheet-iron door, A*, admits 
of being raised or depressed at pleasure, according to the degree of 
draught required ; and the blast communicating with the tuyer is regu- 
lated by a valve placed in a pipe approached by the arched opening, L, 
left for that purpose. The brickwork is consolidated and bound together 
by the iron straps, Z, kept in their places by bolts passing beneath the 
foundations of the heartli. 

Roasting , — Formerly the ores smelted in the Scotch furnace were 
subjected to no other preparation than careful dressing previous to 
their metallurgical treatment. It is, however, sometimes found advan- 
tageous to roast them, so as to effect their partial desulphurization and 
oxidation, before treating them for the metal they contain. The furnace 
employed for this purpose varies considerably in its dimensions in order 
to suit local circumstances, but always consists of a flat hearth, covered 
by a low arch, and is heated by a fire-place situated at one end ; there 
are also doors on either side, for the withdrawal and working of the ore. 
From 10 to 14 cwts. of galena constitute the charge of a furnace of this 
description, and require from two and a half to three hours to become 
sufficiently roasted. The mineral, after being introduced into the fur- 
nace, is first spread evenly over the bottom, and the fire so arranged as 
to keep it constantly at a temperature below the melting-point of galena. 
Copious sulphurous fumes escape from its surface, and if any portion 
should, from approaching too nearly the point of fusion, become softened, 
fresh surfaces are presented to the air. In this way a portion of the 
sulphur is driven of]^ and slimes and other friable substances are so 
agglutinated as to resist the blast without being carried off as dust into 
the flues. 

Smelting , — At the termination of each shift the hearth is supposed 
to be in working order and the bottom to be nearly full of lead ; a 
quantity of ore remains on the hearth in a semi-reduced state, called 
browse or hrouse^ and is more or less mixed with fragments of slag and 
clinker, from which it is roughly separated. 

To commence a new shift, the cavity of the furnace is filled with 
peat cut into the usual rectangular blocks. Those at the back part of 
the hearth are heaped up without any kind of order, but those placed 
towards* the front are arranged in the shape of a regular wall The 
bellows or fan is now set in action, and an ignited peat is thrown before 
the nozzle, which quickly communicates the fire to the whole mass. On 
the top of this a few shovelsful of coal are afterwards sprinkled, for the 
purpose of binding and consolidating the mass, as well as to increase 
the temperature. The browse resulting from the preceding operation 
is then thrown on the surface of the ignited mass ; and shortly after- 
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wards the material contained in the hearth is stirred with a poker, 
and a portion of it drawn out on the work-stone. The slag is now 
removed with a shovel, and thrown aside for subsequent treatment. 
The browse, cleaned from slag, is again thrown back into the heartli, 
with the addition, if it be required, of a little coal. If, as sometimes 
happens, the browse has not been properly freed from slag, but be- 
comes pasty and evinces a tendency to fuse, it must be hardened by 
the addition of lime, wliich dries the mixture and facilitates the subse- 
quent extraction of lead. 'V\Tien, on the contrary, the ore is found too 
refractory, a small addition of lime is also made ; but in this case a less 
quantity is employed, as it is only intended as a flux for the refractory 
matters present, and not, as in the other instance, to act as a dryer of 
the too fusible scoriae obtained. The lumps of slag thus formed contain 
a considerable i)ortion of the lead present in the ores, and are therefore 
collected for the purpose of being treated in the slag-hearth. 

Wlien the whole of the browse has been thrown back into the hearth, 
a few shovelsful of ore are thrown on the top of it ; before doing this, 
however, it is necessary to place a lump of peat before the tuyer, which 
not only prevents any of the mineral from entering the nozzle, but 
likewise serves to spread the blast equally through the mass. After an 
interval of about twenty minutes, the contents of the furnace are again 
partially dra^vn out on the work-stone, and another portion of metallic 
lead is carried by the channel, /, into the pot, E. The grey slag is 
removed, and another lump of peat is placed before the tuyer. The 
browse, together wdth a proper quantity of coal and lime, is again 
thrown on the hearth fire, and on the top of the whole a fresh supply of 
raw or roasted ore. Two men are employed on each shift, the operations 
being continued during from twelve to fourteen hours ; at the expiration 
of that time, a production, varying with the nature of the ore, of from 
22 to 30 cwts. of metallic lead is obtained. 

Towards the end of the shift no addition of ore is made, and, after 
stopping the blast, the browse is taken out, and roughly separated from 
slag. The bottom of the hearth is now filled up with lead from the 
receiving-pot ready for the next shift, and in this way the charge is 
constantly kept floating on a bath of metallic lead. At the end of a shift 
of from twelve to fifteen hours, the hearth, in spite of every precaution, 
is liable to become too hot, and smelting is usually suspended five hours 
after each shift. 

The lead prepared by this process is said to be purer than that pro- 
duced in the ordinary smelting-furnace. This may arise from the circum- 
stance that, being exposed to a less elevated temperature, the more fusible 
constituents of the ore are alone obtained, while in the smelting-furnace 
the heat employed is so great as to effect the reduction of some of the 
foreign metals contained in it, which, by entering into combination wdth 
the lead, tend to impair its quality. When ores, assaying from 75 to 80 
per cent., are operated on, from 1 J to 2 cwts. of coal and about four small 
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cartloads of peat are required to produce a fodder (21 cwts.) of lead. 
The cost of lead-sm citing in the ore-hearth is generally in excess of that 
by the reverberatory furnace, but with rich ores the loss of lead is less 
considerable. Tlie ore-hearth is now generally worked with coal as the 
only fuel, the use of peat being abandoned. 

The American Hearth. — This hearth, first introduced at Rossie> 
Xcw York, and subsequently used in Missouri, has a cast-iron bottom, 
24: inches square, 12 inches deep, and 2 indies in thickness. The 
work-stone, which is 32 inches wnde and 22 indies from front to back, 
is provided with raised sides, and has the usual diagonal groove for 
directing the reduced metal into the receiving-pot. An air-chest, 14 
inches ili height, of cast-iron, forms a wall on the sides and back of this 
hearth ; its outside width is G indies, and, as the thickness of the metal 
is I of an inch, a vacant space is left wdthin, a little more than 12 inches 
ill height and 44 inches in width. The blast passes into this box on one 
side, and escapes at the other through a curved pipe which conducts it 
to a tuyer occupying the usual position at the back of the furnace. In 
this way the sides and back are kept cool, while the blast is heated before 
entering the fire. The bottom is, like that of the ordinary ore-hearth, 
kej't full of molten lead, on wliich the charge floats during the operations 
of smelting. The fuel employed is wood or pine charcoal, and the galena 
treated must be broken into pieces, which should not be larger than 4 of 
a cubic indi. Tliis hearth remains continuously in blast during six days 
of the week, and is worked by four men, two on each shift. About a 
quarter of a cord of wood is consumed per ton of lead obtained, or the 
wood burnt reduces a little more than 2 J times its weight of metal. The 
daily consumption of wood in a heartli of this descri 2 )tion is three-quarters 
of a cord, and tlie yield of lead is about 7,500 lbs. 

An experimental ore-heartli on this principle was in operation at 
Uleiberg, in Carinthia, during the years 1849, 1850, and 1851, and 
it was aLo tried at Przibram in 185G; but has not been permanently 
adopted at either place. 

Softening and Desilverizing Processes. 

The ucorlc-lewf obtained from tlie smelting- furnace in addition to 
silver, usually contains antimony, copper, and otlier oxidizable impurities, 
and these are sometimes present in suflScient quantity to materially inter- 
fere with the desilverizing processes proper ; they are, therefore, when 
necessary, previously removed by a 2 >rocess known as iw})roving or 
sofipuing. 

Improving or Softening. — This operation consists of fusing the lead 
in a reverberatory furnace of peculiar constniction, and allowing it to 
remain, when in a melted state, exposed for a more or less considerable 
period to the oxidizing influences of the air. By this treatment the 
antimony and other metals, together with a portion of the lead, become 
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oxidized, and are removed from the surface of the bath by an iron 
rake ; thus constantly exposing a fresh surface to the action of the 
heated gases, until the greater portion of the impurity is removed, and 
a nearly pure alloy of lead and silver is obtained. 

The hearth of the furnace in which this operation is conducted often 
consists of a large cast-iron pan about 2 inches in thickness, which may 
be 10 feet in length, 5 feet 6 inches in width, and 10 inches in depth. 
Wrought-iron pans are also used. The fire-place, which is about 20 
inches in width, has a length equal to the width of the pan, from which 
it is separated by a low bridge 2 feet in width. The arch at the bridge 
end is 1 6 inches above the edge of the pan, wliile at the other extremity 
its height from the same point is 8 inches only. All the angles of the 
casting are carefully rounded in order to prevent breakage from expansion 
or contraction, and the softened lead is, when required, drawn off into a 
cast-iron pot by a hole bored in the bottom near its outer edge. This, 
when necessary, is stopped by a well-fitting iron plug kept in its place 
by a weighted lever. 

The charge, which is about 11 tons, is first fused in an iron pot set 
in brickwork at the side of the furnace, and is subsequently laded into 
the pan through a sheet-iron gutter prepared for the purpose. When 
the metal is in a fit state for tapping, a small portion taken out in a ladle, 
and poured into an iron mould, will be observed on cooling to present on 
the surface a peculiar flaky subcrystalline appearance, which, when once 
seen, is again easily recognised. As soon as this appearance presents 
itself the fire is lowered, the plug loosened, and the contents of the 
pan are drawn off into a pot, from which they are afterwards laded into 
moulds. 

In some cases, as at Pontgibaud, much larger furnaces than that above 
described are employed for the operation of softening. At that establish- 
ment the iiiqoroving pans are each 13 feet in length by 6 feet G inches 
in width, and are capable of working charges of 20 tons. 

The time necessary for softening hard lead necessarily depends on 
the proportion of impurity it contains. Consequently some varieties will 
be sufficiently purified after the expiration of twelve hours, while in other 
cases it becomes necessary to continue the operation during several days. 
Ordinary hard lead from the Cornish flowing furnace, or from the Cas- 
tilian blast-furnace, is usually softened in about thirty-six hours, with a 
consumption of about 2 cwts. of coal per ton. In some smelting estab- 
lishments the hard lead is softened in an ordinary reverberatory furnace, 
provided with a slag bottom. When a furnace of this description is 
employed, calcination takes place at a higher temperature, and the 
operation is conducted more rapidly than in iron pans. The consump- 
tion of fuel is about the same, but the loss of lead by volatilization is 
somewhat greater. In Germany a marl (clay and lime) bottom like that 
of the refinery furnace is preferred. 

The calcined dross, removed from the surface of the pan, is treated 
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in tlie reducing furnace, and the resulting cinder in the slag-hearth, or in 
some other form of blast-furnace. The very hard lead thus ol)taiiied 
is again subjected to a process of softening in the improving furnace, and 
a calcined dross is ultimately obtained affording a brittle alloy, which is 
usually sold to type - founders. ’ The quantity of this very hard lead 
annually produced, even in large establishments, amounts to only a 
few tons. At Freiberg 270 tons of hard lead of all kinds arc made from 
10,000 tons of furnace-lead treated annually. 

Liquation. — At Freiberg and Przibram, coppery lead is subjected to 
liquation before softening. A reverberatory furnace is used, having a 
marl bottom, which slopes steeply from the fire-bridge and terminates in 
a sump or lead-pot at the flue end. The })igs of funiace-lead are piled 
at the upper end of the bed and subjected to a very low heat, when lead 
separates and flows down into the sump, whence it is laded into moulds, 
after skimming, leaving about 6 per cent, of refractory dross (Saifjer 
iVomer) behind, which contains nearly tlie 'whole of the sul])hur, copper, 
and nickel, as well as about one-fourth of the arsenic present in the 
furnace-lead. About 13 tons of lead are passed through the licjuation- 
fumace in twenty-four hours. 

Separatiox of Silver from Lead. 

Before the discovery, by Hugh Lee Pattinson, of the process by which 
the silver in argentiferous lead may bo concentrated in a comparatively 
small amount of that metal, the whole of the lead obtained by smelting 
was, when sufficiently rich, subjected to cupellatioii. Wlien, however, it 
contained less than al)Out 8 ounces of silver i)er ton it was not considered 
to pay the expenses of the operation ] wdiereas, l)y the method of crystal- 
lization, lead containing only 2 ounces of silver i>er toji may sometimes 
be desilverized at a profit. A considerable proportion of the lead pro- 
duced, both in this country and in others, contains a lcs.s amount of silver 
than is necessary to pay the cost of its extraction by direct cui^ellation, 
and consequently, until the discovery of the Pattinson process, the wlndo 
of this silver was lost to commerce. 

This process is founded on the circumstance, first noticed by ^Ir. 
Pattinson in the year 1829, tliat when lead containing silver is melted in 
a suitable vessel, and afterwards suffered to cool slowly, with constant 
stirring, at a temperature near the melting-])oint of lead, small crystals 
begin to form wdthin the liquid alloy, which, as rapidly as they are 
produced, sink to the bottom, and on being removed are found to 
contain less silver than the lead originally operated on. The fluid alloy 
from which the crystals have been separated is at the same time rendered 
proportionately richer in silver. 

The Pattinson Process. — This operation is conducted in a series 
of from nine to twelve cast-iron or steel pots, which, if worked by hand, 
may each contain 6 tons of metal, but when cranes are employed 10- ton 
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pots are more generally used ; these are ordinarily 5 feet 4 inches in 
diameter and 2 feet 6 inches in depth. A pot at one end of the series 
has generally a capacity equal to two-thirds only of that of each of the 
others, and is known as the market-pot 

Each pot is provided with a separate fire-place, and is heated by a 
circular flue passing round it, which can be closed when required by 
a damper. The products of combustion finally escape into a flue below 
the level of the floor, running parallel with the line of pota In order 
the more easily to follow the process, we will suppose the lead operated 
on, which, according to its quality, may or may not have previously under- 
gone the process of improving, to contain about 21 ounces of silver per ton. 
If the market-pot be called No. 1, this lead will be introduced into No. 6, 
fig. 194.^ When fused it is carefully skimmed with a perforated ladle, 
in order to remove the covering of oxide or pot-dross, and the fire is at 
once withdrawn. The cooling of the lead is now promoted by sprinkling 
water on its surface, and while its temperature is being thus lowered it is 
kept constantly stirred with a chisel-pointed iron bar called a slice, AJl 
tliose portions which become solidified and adhere to the sides of the 
pot are removed, and forced under the surface of the liquid metal, 
where they again become melted. By this treatment crystals soon begin 
to make their appearance ; and in proportion as these form and accumulate 
at the bottom they are removed by a large perforated iron ladle, in 
which, after having been well shaken, they are first allowed to drain 
into the pot wlionce they have been removed, and are afterwards carried 
over and deposited in the next pot (No. 5), in the direction of the 
market-pot. This is continued until two-thirds of the lead in pot 
No. 6 has been transferred in the form of crystals to pot No. 5 ; when 
the lead remaining in No. G will contain about 40 ounces of silver 
per ton, while that transferred to No. b yields only about 11 ounces 
per ton. 

The enriched lead in the bottom of No. 6 is now laded into No. 7, 
next on the left, which eventually becomes filled with lead containing 
40 ounces of silver per ton. A fresh supply of lead of the same tenure 
in silver is now introduced into pot No. 6, and the resulting crystals 
passed in the direction of the market-pot, while the enriched lead, re- 
maining in the bottom, is laded into the pot next to it on the other side. 
Each pofc in succession, as it becomes filled by crystals from the one 
side, or by bottoms from the other, is in its turn crystallized. 

In this way the crystals obtained from the pots as tliey go “down 
the house towards the market-pot become gradually poorer, while the 
pot-bottoms passing “ up the house ” in a contrary direction are progres- 
sively increasing in richness. The final result, consequently, will be tjiat 

^ The Bystem adopted in numl>ering the pots in different establishments is not always 
the same. In many cases the numbers are made to commence with the pot next the 
market-pot, which is called No. 1 ; for the purpose of describing the process it has, 
however, been considered more simple to begin with the market-pot, w.hich thus itself 
becomes No. 1. 
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at one end of the line of pots the lead will contain hut little silver^ 
while at the other it will have become much enriched. 

Any lead that may be on hand assaying about 40 ounces of silver 
will be introduced into pot No. 7, while lead containing 11 ounces will 
be melted in No. 5. The other pots in the series may, in the same way, 
from time to time receive lead yielding the same, or a nearly similar 
amount, of silver per ton as the metal they severally contain. When 
this system, which is known as the method of thirds^ is strictly adhered 
to, tlie lead in each pot will be, approximately, twice as rich in silver as 
that which is next to it in the direction of the market-pot. If, how- 
ever, a different lead has been introduced into any of tlie pots, the ratio 
of this progressive increase in silver may be more or less interfered with. 
In the richer pots the separation of silver is less complete than in the 
poorer ones, and consequently the progressive enrichment will not bo so 
rapid. When the lead contains about per cent, of silver, or 700 
ounces per ton, no further concentration is possible, as both the crystals 
and liquid lead are then of the same composition. In working the last 
pot the whole of tlie bottom is not always laded out, as it is sometimes 
found advantageous to subject it to a treatment })y which the richness 
of the alloy is still further increased. When the ordinary quantity of 
two-thirds of the lead has been transferred in the form of crystals to 
the pot next to it down the house, the remaining one-third will consist 
of a mixture of crystallized and uncrystallized alloy. The latter being 
much richer than the former, is separated as completely as possible, and 
this portion, only amounting to a little more than one-half the bottom, 
is sent to the refining-furnace. This separation is effected by pressing 
the mixture with the curved side of one of the large perforated ladles, 
when the still liquid alloy enters the bowl and is removed by a small 
unperforated dipper. The lead thus obtained will evidently bo richer in 
silver than the portion remaining in the pot in the form of crystals. 

The desilverized metal, or inarJeet-leady should not contain above 
10 dwts. of silver per ton, while the rich lead is usually concentrated 
so as to contain from 400 to 600 ounces per ton. During the whole of 
these operations oxidation of lead is continuously going on, and it may 
be estimated that lead assaying 20 ounces of silver per ton will produce 
25 per cent, of its weight of dross. At Pontgibaud, when* the lead 
operated on often contained nearly 100 ounces of silver per ton, about 
one-third of the weight of the market-lead produced was skimmed off 
the various pots and passed to the reducing furnace.^ 

In this establishment, wliere a series of twelve pots was employed, 
the assays of the successive numbers, in 1867, averaged as follows : — 

^ Before skimming a pot a little sawdust or spent tan is scattered over the surface of 
the metal, and well incorporated with the scum floating on tlie ton. This facilitates the 
separation of metallic lead, when the dross is removed in a small perforated ladle, and 
also, to some extent, acts as a reducing agent during the subsequent treatment of the 
oxides in the reverberatory furnace. 
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J'o. 1, market-pot 


Silver per Ton. 

Oz. dwt. gr. 

0 9 15 Market-lead. 


„ 2 . . . 0 19 7 

„ 3 . . . 1 18 14 

„ 4 . . . 3 17 4 

» 6 . . . 7 7 21 

„ 6 . . . 12 17 5 

.,7 . . . 22 10 3 

„ 8 . . . 36 19 12 

„ 9 . . . 59 9 16 

„ 10, charging-pot . 96 9 4 

„ 11 . . . 167 3 2 

„ 12 . . . 273 6 1 


I Bottom of No. 12 gave 
/ 514 ounces 9 dwts. 

) 18 grs. per ton. 


The ladle employed, when manual labour is made use of, is 16 inches 
in diameter, 5 inches in depth, pierced with J-inch holes. When cranes 
are used, the ladles are 20 inches in diameter, 6J inches in depth, and 
are pierced with |-inch holes; thickness of iron, ^-inch; length of 
handle, 9 feet 6 inches. The large baling-ladles used for turning back 
the bottoms are 14 inches in diameter and 8 inches deep, having a handle 
7 feet long. 

“When, during the operation of fishing out the crystals, the ladle 
becomes chilled and the holes partially closed, it is heated to the proper 



Fig. 194.— Pattinson’s Pots ; plan. 


temperature by being placed for a few seconds in the pot of hot lead, into 
which they are turned over. It was formerly usual to provide small pots 
for this purpose filled with lead, called heaters^ in front of the larger pots, 
but these are now always dispensed witli. Two crystallizers are em- 
ployed in working each pot, and one fireman is required for each set ; 
the working of each pot occupies about two hours, and by the use of 
cranes 10-ton pots can be worked as expeditiously as 6-ton pots by 
hand. 

WTien the lead operated on contains about 24 ounces of silver per ton, 
the average expenditure of coal per ton of lead treated is 7*14 cwts. At 
Pontgibaud the desilverization of the rich work-lead produced was attended 
with a consumption of about 9 cwts, of coal per ton. 

Figs. 194 and 195 represent a plan and elevation of a set of Pattin- 
son's pots arranged for working with cranes. No. 1 is the market-pot, 
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having two-tliirds the capacity of the others, which are working-pots. A 
long asli-pit, A, extends the whole length of the set, and is partially 
covered by the iron platform, B, supported on pillars ; each of the fire- 
places, a, is provided with an iron door. 

In order to desilverize by this arrangement, the potman sinks the 
ladle sideways to the bottom of the pot, and having turned it over so 
as to become full of crystals, he attaches a liook to the cross-handle, a', 
of the ladle, fig. 194, which is then Avithdrawn by the other workman, 
who turns the winch. In doing this the iron shank slides over a roller 
on the front of the crane, and as soon as it is withdrawn from the 
metal, the first workman, who guides the handle, slips it into one of the 
cheeks, c, at the back, where it becomes securely fixed. The ladle, filled 
with crystals, is thus suspended over the pot whence it was Avithdrawn, 
and after being alloAved to drain for a short time it receives a fcAV shakes 
by smartly jerking the handle, Avhich for this purpose is released from the 
cheek at the back of the crane. This is iioav SAvung round, the shank of 
the ladle slipped from under the catch, and the crystals deposited in the 



Fig. 195.— Pattinaon’s Pots , elevation. 


pot next on the right. This is continued until the necessary amount of 
crystals has been Avithdrawn, AAdien the enriched lead, remaining in the 
bottom, is taken out by a ladle Avithout perforations, and is turned over 
in the next pot on the left. 

Although the method by thirds is that usually adopted for the desilver- 
ization of lead moderately ricli in silver, no general rule can bo laid doAvn 
with regard to the system of Avorking to be employed, as this may be more 
or less A'aried in accordance with the particular requirements of the case. 
For the desilverizatiou of poor argentiferous lead a system called the 
method by eighths is sometimes employed, Avhen, instead of removing two- 
thirds of the contents of each pot in the form of crystals, seven-eighths 
are taken out in that state. The treatment of poor argentiferous lead 
may, however, be effected by a combination of the two systems; beginning 
by the method of eighths, the enriched lead may be further concentrated 
by the method of thirds. The desilverization of lead by crystallization 
has, however, to a large extent been replaced by desilverization by zinc. 

Modifications of Pattinson’s Process. — A patent was granted to 
Mr. P. J. Worsley, in 1860, for “Improvements in the Separation of 
Silver and Lead,” but although sundry experiments carried out at Rother- 
hithe sufficiently demonstrated the efficiency of the process, it was ulti- 
mately abandoned, on the ground of the expensive nature of the necessary 
alterations in plant, and on account of the time required for tlie work- 
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men to acquire the requisite experience. A very similar arrangement for 
effecting the same object was, however, introduced at lead-works at Eouen 
and elsewhere, under the name of the ^^systhne Laveissiere,^^ The arrange- 
ment employed for this process essentially consists of two cast-iron vessels, 
the first of which is called the melting-pot and the other the crystallizing- 
poty which must be placed at such a level that the metal from the melting- 
pot may be run directly into it. Below the level of the crystallizing-pot 
must be one or more receivers for the reception of the enriched lead. The 
melting-pot is provided, on the side next the crystallizer, with a discharge- 
pipe closed by a slide-valve. 

The crystallizing apparatus is a cast-iron pot, provided with a vertical 
stirrer, wliich, at opposite sides of the bottom, has discharge-pipes fitted 
with slide-valves. Each of these is heated by a fire to prevent its becoming 
obstructed by the cooling of the metal within it, and below are placed 
pots for the reception of the liquid alloy, which, on opening the valves, 
drains from the crystals retained in the pot above. The stirring apparatus 
consists of two vertical shafts of wrought-iron working vertically in the 
centre of the pot ; one of these is solid, and stands on a step cast on the 
bottom, while the other, which encloses it, is a tube, supported by a collar. 
Each axle has, at its upper extremity, a mitre-wheel, and the outer one 
being shorter than the other, another mitre-wheel is made to work hori- 
zontally between them in such a way as to cause the two shafts to revolve 
in contrary directions. To the lower extremity of each is attached an 
iron stirrer provided with knives, which almost touch the sides of the pot, 
so as to protect them from any incrustation of chilled lead. The object 
of this stirrer, which receives its motion by a belt, from a steam-engine 
or water-wheel, is to promote throughout the mass the production of that 
uniformity of temperature necessary for the crystallization of the metal, 
and to so compress the crystals formed as to cause them to separate readily 
from the liquid alloy. 

With the formation of increasing quantities of crystals the resistance 
to stirring becomes greater, and when a certain quantity has accumulated, 
a considerable amount of power becomes necessary. The apparatus em- 
ployed should therefore be provided with a tightening pulley, or some 
similar contrivance, by which the belt is made to slip when the desired 
accumulation of crystals has taken place. These conditions may be so 
adjusted as to suit any system of working ; but when the liquid alloy is 
to be reduced to one-third the weight of the total contents of the pot, the 
stirrer must be arrested as soon as two-thirds of the charge have assumed 
the crystalline form. The pots are heated by separate fire-places, and 
above those into which the liquid alloy is run out, is a crane by which 
the enriched lead is lifted, by means of an iron eye-bolt placed in the mould 
before the lead solidifies, and is brought back to the melting-pot, to be 
again treated. 

In working with this apparatus, such a quantity of lead must be 
melted as corresponds to the capacity of the crystallizing vessel, and as 
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soon as it is fused it is run into tlie crystallizer, and the operation of 
stirring commences. 

The formation of crystals is effected in the usual way by gradually 
lowering the temperature, and as soon as the required amount has been 
formed, the lateral valves are ojiened and the liquid alloy run into the 
receiving-pots. Lead, containing the same amount of silver as the crystals 
remaining in the crystallizer, is now fused in the melting-pot in such 
quantity as to make up with them another charge. This is tapped at a 
high temperature upon the crystals, and a second quantity of enriched 
alloy is obtained. These operations are continued until rich alloy suited 
for cupellation is obhiined on the one hand, and poor lead ready for the 
market on the other. 

As soon as a sufficient amount of each class of lead has been accu- 
mulated to make up a full cliarge, with the crystals remaining in the 
crystallizer, the process may b(* continued with unbroken regularity. It 
is stated that by this method tlie cost of labour is only about one-half of 
that by the ordinary process, and that, in addition, a considerable saving 
of fuel is effected. 

At the lead-works of Luce & Rozan, near Marseilles, a process 

of cr}>tallizing by steam has been introduced. The apparatus employed 
is similar in form and arrangement to that employed by 'M. I^veissi^re 
at Rouen ; but inst(»ad of using machinery for stirring the lead, the same 
object is more simply and effectually accomi>lished by introducing a jet 
of high-pressure steam into the molten metal. The agitation caused 
by the ascent of the steam through the mass of lead is very great, and 
necessitates that the sides of the pot should be higher than usual above 
the surface of the metal, and also that it sliould bo provided with a 
strong iron cover, having segmental openings fitted with hinged flaps, 
which the workmen open, one after the other, as re([iiired. To this 
cover is fitted a large iron pipe, through which the escaping steam and 
dust are carried into condensing chambers communicating witli the 
chimney. The dry steam is maintained at a uniform pressure of about 
45 lbs. per square inch ; experience having shown that a lower one is 
insufficient to overcome the resistance offered by the mass of crystals, and 
that steam at a higher pressure acts too energetically as an oxidizing 
agent. Before turning on steam, care must be taken to let out any 
condensed water that may have collected in the steam-pipes, since other- 
wise an explosion would ensue. 

The steam crystallizing process has been adopted, among other localities, 
at Newcastle, Stanhope-in- Weardale, Eureka Nevada, and Przibram.^ 
At the latter place, the crystallizer is a flat-bottomed cylindrical pot, 4 
feet lx)th in diameter and depth, holding 20 tons. Two trough-shaped 
melting-pans, each of 7 tons capacity, are placed behind and a little above 
the top of the crystallizer. They are loose on their seats, so that the 
melted lead may 1^ run out by tipping them at one end with a crane. 

^ Balling, Metallhiitteukunde, p. 292. 
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Steam is admitted by a horizontal pipe a little above the bottom of the 
crystallizer, having an iron baffle plate fixed above it in order to distribute 
the current through the molten lead. The conical cover of the crystallizer 
has two working openings and is jacketed ; the flue gases of the melting 
fire-place being passed through the jacket whenever it is desired to clear 
the inner cover from splashed lead solidified upon it. Each operation 
lasts about four hours, of which three are required for melting and one 
for crystallizing. During the latter stage steam is passed through the 
metal until the resistance is so great that there is no longer any perceptible 
boiling. The enriched lead is run off by a spout closed by a slide valve, 
which is heated by a special fire to prevent it from becoming choked by 
solid lead. The crystals are kept back by a perforated straining plate. 
The lead, which is liquated but not softened before crystallizing, contains 
about 150 ounces of silver, and is divided by ten or twelve operations into 
rich and poor portions, with 350 to 450 ounces, and 0*3 to 1 ounce per ton 
respectively. The latter is passed through the softening-furnace to remove 
the last traces of antimony before it is fit for sale. From six to seven 
charges are usually worked in twenty-four hours, with a consumption of 
4 cwts. of coal per ton of lead treated. As compared with the ordinary 
Pattinson process, the saving in fuel is about 40 per cent., and in wages 
20 per cent., but the production of dross and oxides is larger, and more 
frequent repairs are required. The crystallizers require renewal after 
120 days and the pans after 40 days’ working. 

Desilvebization by Zinc. Parkes’s Process. — When lead and zinc 
are melted together, and the fused mixture is allowed to cool slowly, the 
zinc solidifies first, forming a layer on the surface of the metallic bath, 
which may be readily removed in the form of a crust containing nearly 
the whole of the silver originally present in the lead. Patents for the 
desilveiization of lead by this means were granted to Mr. Alexander 
Parkes, of Birmingham, in the years 1850, 1851, and 1852 ; in 1859 
this process was in operation at the 'works of Messrs. Sims, Willy ams, 
Nevill & Co., of Llanelly. As it was there carried out, the process is 
conducted as follows : — A charge of 7 tons of the lead to be desilverized 
is fused in a large cast-iron pot, close to which is a smaller one for the 
fusion of the necessary zinc. As soon as the whole of the lead has 
become melted it is made to boil, by the insertion of a green pole, and 
the oxides, which rise to the surface, are removed by a perforated skimmer. 
The temperature of the metal is now raised to the melting-point of zinc, 
and zinc is added in the fused state in the proportion of about IJ lb. for 
each ounce of silver contained in the lead operated on. The mixture is 
now well stirred during about two hours, the fire subsequently withdrawn, 
and the metal allowed gradually to cool. During the process of cooling, 
any of the zinc alloy which may adhere, in the form of rings, to the sides 
of the pot must be removed by means of a piece of wood, and as soon 
as the surface has sufficiently hardened it is collected by skimming with 
a perforated ladle. The alloy thus obtained is a mixture of lead and 



642 ELEMENTS OF METALLURGY. 

zinc containing silver, and is subjected to a process of liquation in an 
inclined iron retort, where it is heated somewhat above the melting-point 
of lead. The eliquated lead thus obtained should assay about 10 ounces 
of silver per ton, and the residual zinc will contain, in addition to a con- 
siderable amount of silver, about 50 per cent, of lead. This eliquated 
lead is allowed to accumulate until the quantity is sufficient to form a 
charge for the melting-pot, when it is fused and skimmed in the usual 
way, but without addition of zinc, as the proportion of that metal present 
is sufficient for the removal of the silver. The zinc, after being as far as 
possible freed from lead by liquation, is distilled in a Belgian furnace, in 
admixture with lime and coal-dust ; the residue in the retorts consists 
of lead and pulverulent matter. The former is re-melted, skimmed, 
and cupelled ; and the latter added to the charges of an ordinary lead 
furnace. 

The lead wliich remains in the melting-pot, after the removal of the 
argentiferous alloy from its surface, contains a certain amount of zinc, 
which is removed by treatment in the ordinary softening furnace. The 
furnace used for this purpose may be of the usual dimensions, and the 
melted lead is maintained at a full red heat for a period varying with its 
quality. A calcination of from nine to twelve hours will generally be 
found sufficient, but samples must be taken from time to time for the 
purpose of testing the progress of the operation. The lead is skimmed 
twice ; once about three hours after charging, and a second time shortly 
before tapping. 

After a comparatively short trial, Parkes^s process was abandoned at 
the Llanelly works, as practical difficulties were experienced which 
could not at the time be overcome. In 1851 this subject was carefully 
investigated by Karsten and Lange at Friedrichshiitte, near Tarnowitz ; 
but the process was then abandoned on the following grounds. First, 
that it was difficult to so completely separate the zinc from the desilver- 
ized lead as to render it easily marketable; secondly, that the silver 
could not be extracted from the zinc alloy without considerable loss ; 
and thirdly, that the separation of zinc from the lead was somewhat 
difficult to accomplish. 

Modifications of Parkes's Process. — The desilverization of lead by 
zinc was again taken up in Germany in 1866, since which date the 
process has been in operation at the works of Messrs. Pirath & Co., of 
Commem, and at those of Herb.«'t & Co., near Call, &c., where the 
process is conducted as follows : — The lead is melted in a large iron pot, 
and sufficiently heated to fuse a piece of zinc when placed upon its 
surface. The zinc is added in three successive portions; first, two- 
thirds of the quantity required, then one-fourth, and lastly one-twelfth. 
After addition of the first portion, the two metals are intimately mixed 
by stirring with a perforated ladle for half an hour ; during this period 
the temperature is maintained, and at the expiration of that time the 
fire is damped with wet fuel, and the pot allowed to cool. As soon as 
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the crust of zinc wliicli accumulates on the surface has become suffi- 
ciently solidified it is removed, and any portions that may adhere to the 
sides are carefully detached; the skimming being continued until the 
lead begins to crystallize and to set on the sides of the pot. The lead is 
now again heated to the melting-point of zinc, the second portion of that 
metal is added, and the stirring and skimming conducted as before. 
Finally, the third addition of zinc is made, and the contents of the pot 
are again stirred and skimmed. On account of the richness in silver of 
the zinc which comes to tlie surface, it becomes necessary that in this 
case the skimming should be performed with more than usual care. The 
proportion of zinc added is regulated in accordance with the amount of 
silver present in the lead. 

For the complete desilverization of argentiferous lead tlie following 
proportions of zinc have, in practice, been found necessary : — 

Lead containing 250 grammes of silver per 1,000 kilos, retjuires 1| per cent, of zinc. 

M 500 ,, ,, ,, 1 4 )) It 

»i 1,000 „ ,, ,, 1^ ,, ,, 

,, 1,500 „ „ M ^3 J| M 

,, 3.000 „ „ „ 2 

,, 4,000 ,1 ,, ,, 2 „ ,, 

It will be observed that the quantity of zinc necessary is by no means 
proportionate to the amount of silver contained in the lead. No reason 
can be assigned for this, but the accuracy of the figures given has been 
confirmed by the results of a series of trials made at Clausthal. 

The argentiferous zinc removed from the mixing-i^ot retains a con- 
siderable amount of lead, which was at first partially sei)arated by 
liquation by means of two iron pots, one placed at a higher level than 
the other. To the bottom of the upper pot is cast a pipe, which can be 
opened or closed as required. The zinc skimmings are strongly heated 
in this pot, and the eliquated metal which collects in the bottom is 
tapped into the lower vessel, while the argentiferous residue remains in 
the upper one in the form of a pulverulent mass. The eliquated metal 
carries with it a little silver and zinc, and after slowly cooling, it is 
skimmed, the skimmings being again subjected to liquation. The resi- 
dual lead, which is now poor in silver, is added to the original metal 
previously to the introduction of the third portion of zinc. The argen- 
tiferous zinc residues are finally melted in a small blast-furnace with an 
admixture of lead slags and tap-cinder, and the lead obtained cupelled in 
an English refining-furnace. 

At the works of Herbst & Co. the dezincification of the desilverized 
lead has been eflected by the use of chloride of lead. For this purpose 
the poor lead from which the zinc is to be removed is kept melted at a 
moderate temperature, for about twenty-four hours, under a layer of 
chloride of lead, when, by frequent stiiTing, the zinc is converted into 
zinc chloride with the separation of metallic lead. The lead chloride 
used is prepared by treating fume from the flues with hydrochloric acid, 
and is consequently not pure, j 
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According to Illig the dezincification of desilverized lead may be 
effected by passing it through a small blast-furnace with the addition of 
sand and tap-cinder. There can be no doubt but that the zinc may be 
thus removed, although a considerable loss of load must ensue, and the 
lead so treated would be more or less hardened. 

In the year 1866, Clemens Fleming Flach, “of Call, in the kingdom 
of Prussia,” obtained letters patent in this country for “ Improvements 
in Extracting Silver from Lead.” By the s^'stem described in the speci- 
fication of this patent the lead is first desilverized by two or more 
successive additions of zinc in the usual way, and the resulting argenti- 
ferous alloy is melted in a blast-furnace with siliceous slag.s. The zinc 
is removed from the desilverized lead by fusion with slags in a blast- 
furnace, and by boiling the lead produced, when in a state of fusion, by 
the introduction of green poles. The process for separating zinc from 
the desilverized lead in the bla.st-furnace lias nc>t, however, been generally 
adopted. 

This process in its modified fonn is simple, and is conducted in the 
following way. At a height of about 8 feet from the level of the floor 
three cast-iron pots are set in brick-work over separate fire-places ; the 
largest of these pots is of a capacity to contain a charge of about 20 tons 
of lead, while the other two are much smaller, each holding about 6 tons 
of metal. 

The lead to be desilverized is melted in the larger pot, where the 
usual quantity of zinc is added, and the argentiferous alloy removed, in 
perforated ladles. This is deposited in one of the smaller pots, in which 
a portion of the associated lead is separated by liquation ; this collects at 
the bottom, and the concentrated argeiitiferoiis alloy is ski mined from its 
surface by the aid of a perforated ladle. 'When one of the smaller pots 
has become filled with skimraings from tlie large one it is subjected 
to liquation ; the other in the meantime serving for the reception of 
skimmings from the larger pot. 

Tlie argentiferous alloy, from which as much as possible of the load 
has been previously separated, ipay be smelted with an admixture of lead 
slag and tap-cinder, in a low blast-furnace, blown by three tuyers. The 
lead thus obtained is finally subjected to cupcllation. During the process 
of smelting in the blast-furnace the zinc becomes volatilized, and is 
carried off by the flue in the form of zinc oxide ; the draught is accelerated 
by the introduction of a steam-jet ’nto the flue leading from the top of 
the blast-furnace to the chimney. 

The lead eliquated in the smaller pots, from the skimmings removed 
from the large one, is added to the next charge of original lead. That 
remaining in the large pot, after the removal of the zinciferous crust, is 
tapped into the pan of an improving-fumaco, situated at a lower level, 
where it is kept at a red heat during a])out twelve hours, and is occasion- 
ally skimmed ; at the expiration of this time it is drawn off into a cast- 
iron pot and laded into moulds as market-lead. 
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At the Par Smelting Works, where this system was in operation for 
several years, a saving of 40 per cent, was effected over the cost of 
desilverization by the Pattinson process, and the excess of silver was 
larger than was obtained by that method ; the loss of lead was stated to 
be slightly over 2 per cent. Guillem & Co., of Marseilles, state that by 
this system their rich lead is concentrated so as to contain 9 per cent, of 
silver, and they estimate the saving in cost, as compared with the ordinary 
Pattinson process, at 45 per cent. 

By Cordurie’s process, for wliich a patent was o])tained in this country 
a few weeks prior to the date of Flach’s, the dezincification of desilverized 
lead is effected by the agency of steam. Superheated steam is passed 
through the desilverized lead, heated to redness, until hydrogen gas ceases 
to be evolved. By this means the zinc is oxidized by the oxygen of the 
steam with an equivalent evolution of hydrogen, while the lead is but 
slightly attacked. The zinc oxide which rises to the surface is subse- 
quently skimmed off. The argentiferous crust of zinciferous alloy is also 
exposed to the action either of hot air or of superheated steam ; the zinc 
is thus oxidized, together with a certain quantity of lead, and the mixed 
oxides are separated from the residual argentiferous lead either by 
liquation or by skimming. The rich lead resulting from this treatment 
is cupelled. 

Schnabel lias introduced a method of treatment for the rich argenti- 
ferous oxides produced in this process, which contain both zinc and lead 
oxides and metallic lead, and are exceedingly refractory. This consists 
ill digesting the oxides with a hot ammoniacal solution of carbonate of 
ammonium in gas-tight vess(‘ls under pressure, when zinc oxide dissolves, 
leaving the silver lead and lead oxide in a form suitable for addition to 
the refinery test. The ammoniacal solution, after passing over zinc plates 
to remove copper, is distilled to recover the ammonia, and the residue of 
ba.sic zinc carbonate is converted by calcination into zinc oxide, which is 
used as paint. 

In America the larger portion of the lead smelted in Nevada, Utah, 
and Colorado is either sent to the Pacific, the ]\Iissouri Valley, or to the 
3'"astern States to be softened and desilverized. The largest and most 
important of these establishments are Bulbach’s Smelting and Kefining 
Works at Newark, New Jersey, and the Omaha Refinery in Nebraska. 
The lead treated is usually very impure, and reijuires a preliminary cal- 
cination in the softening-furnace in order to remove antimony and other 
oxidizable metals. The softened lead, containing from 0*3 to 1 per cent, 
of silver, is run into pots, where it is treated with zinc, the quiintity of 
the latter metal being so proportioned that the skimniings, after distilla- 
tion, may leave a residual rich lead containing from 8 to 10 per cent, of 
silver. On account of the highly argentiferous character of the lead 
operated on, the proportion of zinc used is unusually large, amounting to 
from H to 3 per cent, of the lead desilverized. 

, Tlie zinc alloy is first chilled by water, and subsequently removed in 
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the form of a coherent cnist from the surface of the lead bath, after wliich 
it is subjected to liquation in a reverberatory furnace. 

This process is conducted at so low a temperature that the adherent 
lead only is melted, while the less fusible zinc and silver alloy is merely 
softened. During this operation care is taken to exclude air as com- 
pletely as possible, in order to prevent the formation of metallic oxides. 
The lead tlius separated, vrliich is nearly free from silver, runs down the 
inclined bed of the furnace into the desilverizing i)ots, while the argenti- 
ferous alloy, conti\ining from 4 to 6 pr cent, of silver, is chiefly in the 
metallic state ; a ]>oint of much importance in facilitating its subsequent 
treatment by distillation. 

TIio furnace used for the latter operation, the joint invention of 
Messrs. Balbach and Falwr dii Faur, is an air-furnace mounted on 
trunnions, and turning by the action of worm-wliecl gearing. 

An open arch turned over the tire-place supports a single bottle- 
shaped retort, placed with the mouth inclining upwards, and the neck 
projecting beyond the front wall. The retorts made of black-lead, 
fire-clay, and burnt fire-brick«*, are 2 feet 7 inches in length, and have a 
thickness of 2 4 inches. The charge, consisting of from 220 to 330 lbs. 
of eliquated zinc skimmings, broken up on an iron plate in front of the 
reverberatory furnace, is, while still hot, introduced into the retort, also 
at a red heat, together with from 4i to 9 lbs. of charcoal dust, and is 
fired for some eight to ten hours at the full heat of the furnace. 

Nearly 8 cwts. of coke are conftumed during this operation, and the 
zinc separated is condensed in a receiver usually formed out of the neck 
of an old retort. In this way about 40 per cent, of the zinc is collected 
in the metallic state, together with about 20 per cent, in the form of 
dust and oxide, both being practically free from silver. The residual 
rich lead, containing only traces of zinc, is removed hy turning the fur- 
nace on its tninnioiis until tlie neck of tlie retort is below the horizontal, 
when it flows out into a mould placed for its reception, and is then ready 
for refining in the ordinary test-furnace. A retort is usually capable of 
working from fifteen to thirty charges without renewal. By taking care 
to prevent oxidation of the zinc during the operation of liquation the 
expense of dealing with large quantities of argentiferous zinc oxide is 
entirely avoided. 

This process, which is considerably more economical than the fusion 
of the argentiferous alloy in a blast furnace, is now generally adopted in 
the United States under the name of the Balbach process, and lias also 
been introduced into the principal lead refineries on the Continent of 
Europe and in this country. The cost of desilverizing lead by zinc is not 
only less than by any of the processes by crystallization, but the loss of 
silver in the market-lead is also thereby almost entirely avoided. 
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CiTPELLATION OR EEFINING. 

English Refinery. — In this country the separation of silver from 
lead is conducted on a hearth made of hone-ash, forming the movable 
bottom of a reverberatory furnace. The hearth or test is contained 
in an elliptical iron framing, seldom less than or 6 inches in depth, 
usually about 4 feet in its greater and 3 feet in its lesser diameter. To 
support and strengthen the bottom of the test, this frame is provided 
with four parallel cross-bars, 4| inches wide, and, like the ring itself, 
half an inch in thickness. There are also two bars, called strap-bars,” 
connecting the first transverse bar at the wider end with the ring. 
This framing, or test-ring^ is most frequently made of wrought-iron, 
the cross-bars being attached by rivets, but in some cases it is formed 
of cast-iron, and is then, including the bars across the bottom, cast in 
one piece. 

To prepare a test, the frame is filled with bone-ash well beaten in 
layers, after having been previously moistened with a little water, holding 
a small quantity of pearl-ash in solution ; the presence of a minute pro- 
portion of this substance has the effect of giving consistency to the cupel 
when heated. After the framing has, in this way, been filled with slightly 
moistened bone-ash, solidly beaten down, a cavity is carefully scooped in 
its upper surface, until the sides are left 2 inches in width at top, measuring 
from the iron ring, and gradually widening to about 3 inches at bottom ; 
the thickness of the bottom itself may be about IJ inch. 

At the front, or wider end of the test, three holes are usually bored 
through it ; of these the central one is made to communicate, by means of 
a channel, with the fluid litharge in the annular cavity, formed between 
the test and the slightly curved edge of the metallic bath. This allows 
the fused oxide of lead to escape as rapidly as it is produced, and when 
it becomes so much corroded by the action of litharge as to be no longer 
serviceable, it is closed by a little moistened bone-ash, and a new channel 
is opened in connection with one of the other holes. 

The test thus prepared must be kept for some time in a warm place, 
to become thoroughly dry, and may be then placed in the refining furnace, 
of which it forms the bottom. Figs. 196, 197, 198, represent, respectively, 
an elevation, a horizontal section, and a vertical section, through the 
longer axis, of the refinery employed at the Coueron Lead-Works. 

The size of the fire-place, A, varies with the other dimensions of the 
furnace, but it is usually nearly square, and may measure about 2 feet by 
2 feet 4 inches. This is separated from the body of the furnace by a 
bridge, from 14 to 18 inches in width, so that the products of combustion 
pass from it directly over the surface of the test, and escape to the main 
flue by two separate apertures, a. The test, B, is maintained in its posi- 
tion, so as to form the funiace bottom, by being tightly jammed, by means 
of the wedges, &, of which there are four, supported by two iron bars, 
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against the iron ring, c (fig, 198), firmly built into the masonry of the 
furnace. The application of heat to the test must, at first, be regulated 
■with care, since if the temperature were too abruptly raised it would be 



liable to crack and exfoliate. As soon as it has become propcily annealed 
it IS healed to redness, and a chaige of the lead to be operated on is intro- 
duced, In the majority of cases this is previously fu«^ed in an iron pot, 
C, set over a fire-idace, and piovided uith a gutter, d, through which tlie 



molten lead is laded into the cavity of the test. Wlien first introduced into 
the furnace, the liquid metal becomes covered by a greyish dross ; but as 
soon as it lias acquired the full temperature of tlie test, the surface of 
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the bath uncovers, and fused litharge begins to make its appearance. 
The blast is now turned on through the nozzle, e, and the melted litharge 
is thus driven from the back of the test up towards the breast, whence it 
escapes by a channel or gate, f (fig. 197), in connection with the central 
aperture, g, through which it falls into a shallow cast-iron pot, mounted 
on wheels, and furnished with a long handle. When the channel,/, has 
become so much acted upon by the litharge as to be no longer service- 
able, it is closed and a new one made, as shown by the dotted lines, 
communicating with one of the holes situated to the right or left of the 
longer axis of the test. Fuel is supplied to the grate through the door, 
h, while that marked t is used for the purpose of watching and regulating 
the operation ; the fumes are carried off by the hood, /«;, and the iron 
chimney, Z Sometimes, instead of feeding the test with rich lead in a 
fused state, the metal is introduced in the form of pigs. In such cases 



tlie furnace is provided with one or more iron-lined openings, called pig- 
holes, through which the metal is introduced at the back of the furnace, 
ill the vicinity of the blast-pipe. The blast, which is usually supplied 
by a fan, not only furnishes the oxygen necessary for the formation of 
litharge, but also swee])s the fused oxide along the surface of the metal 
towards the breast. In some cases, a blast, produced by means of a jet 
of steam, is employed, instead of a current of air from ordinary blowing 
machinery. In proportion as the surface of the metal in the test becomes 
depressed, through constant oxidation, and the continual removal of the 
resulting litharge, additional lead is supplied, either from the melting-pot, 
C, or in the form of pigs, so as to keep it nearly at the original level. 
Ill this way the operation is continued until the lead has become so much 
enriched as to render it desirable that it should be tapped. When the 
lead operated on contains about 600 ounces of silver per ton, this opera- 
tion is generally performed at intervals of eight hours ; during this time 
about 32 cwts. of lead will have been introduced, and from 4 to 6 cwts. 
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of enriched alloy will remain in the bottom of the test. The removal 
of the highly concentrated argentiferous lead is generally effected by 
making a hole in the bottom of the test with a drill contrived for that 
purpose, and running it off into a cast-iron pot, on wheels, placed under 
the furnace for its reception ; in some cases, lading out the rich lead is 
resorted to instead of tapping. When the concentrated rich lead has 
been thus drawn off, the tapping-hole is closed by a pellet of bone-ash, 
kept ill its place by an iron plate, and another charge is immediately 
introduced. The reason for thus removing the enriched argentiferous 
lead from the test is to avoid the distribution of too largo an amount of 
silver in the litharge, which would be the case if fresh lead were con- 
tinuously added to a constantly increasing accumulation of silver. In 
works where the concentration of silver is effected by the use of zinc, it 
is not customary to tap the highly enriched lead from tlio test ; since it 
is found more advantageous to carry on the operation without interrup- 
tion, and to add the metal reduced from the final rich litharge to tlio 
original lead, before tlie introduction of zinc. When tapping or lading 
out is resorted to, the whole of the lead operated on is thus further 
enriched, and the resulting highly argentiferous alloy is finally subjected 
to cupellation, either on the same test, or in another specially i)repared 
for the purpose. 

The appearance of the surface indicates the precise period at whicli 
the operation is terminated ; the blast is then turned off, and the fire 
removed from the grate. The ^>Za/e of silver is thus allowed to set, and 
as soon a:^ it has done so, the wedges, are removed from beneath the 
test-frame, which, together with its contents, is lowered upon a small 
iron bogie- waggon, and taken away to cool. The silver is subsequently 
detached from the test, and any adhering particles of litharge, slag, or 
bone-ash are removed by scraping wdth a wire brush. 

An ordinary refinery w’orks off from 4 to 5 cw^ts. of lead per hour, and 
consumes from 6 to 7 cw^ts. of coal per ton of lead oxidized. The plate 
obtained may vary in w^eight from 5,000 to 10,000 ounces, and usually 
contains from 997 to 998 parts of silver in a thousand. 

The loss of lead experienced during the operation of refining is about 
7 per cent, of the weight worked; the process is conducted by one refiner 
on each shift, occasionally assisted by a labourer. The test bottoms, 
which are saturated with litharge, and contain a certain amount of silver, 
are broken up and smelted, either in the blast-furnace or otherwise. The 
yield of silver from lead by Pattinsonizing and subsequent refining on 
the test is usually about 2 per cent, above that indicated by assay of the 
ores. This is due to subsequent recovery of silver from fume, litharge, 
&c., which is lost in assaying. Strictly speaking, refining is not cupella- 
tion but scorification, as the bulk of the litharge flows like slag instead 
of being absorbed by the test, while in cupellation complete absorption 
of the whole of the litharge is essential to the success of the operation. 
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German Cupellation (Abtrbiben). 

The German rehnery or Treillim'd^ which is generally used in Con- 
tinental establishments, is represented in an old form in figs. 199, 200, of 
which the fii&t is an elevation, and the second a horizontal section. 

This is a kind of reverberatory furnace, having an oval hearth and 
a lateral fire place. The foundation of the hearth, A (fig. 200), is com- 
posed of fire-bricks closely set on edge upon a solid stratum of firmly 
compiessed slag, and is covered by the marl refining bottom {Mei'geh 
heerd), which corresponds to the bone-ash test of the English refinery. 
Formerly this was made of natural marl finely powdered , but now a 
mixture of 3 or 4 parts of limestone or dolomite with 1 of clay is 



1 ig. 199. — German tupcllmg Furnace , elevation. 


generally used. The roof is a dome of iron internally plastered over 
with clay, and capable of being either removed or lifted into its place 
by chains attached to a lever supported by the movable crane, C. In 
the sides of this furnace are five openings ; by the largest of these, d, the 
flame passes from the fire-place, B, into the interior of the hearth ; the 
two openings, I, serve for the introduction of the tuyers, by which a blast 
is thrown on the fused metal, for the purpose of causing its oxidation, and, 
at the same time, forcing the litharge formed on its surface towards the 
aperture, E, from which it escapes in a fused state ; finally, F is the 
opening, through which a portion of the lead to be operated on is inserted, 
in the form of lenticular discs. At the commencement of the opera- 
tion the opening, E, is partially closed by the breast of the hearth, but 
in proportion as the operation advances channels or gateways are succes- 
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sively cut down by a serrated iron bar to the level of the litharge con- 
tained in tlie furnace. The litharge which escapes from this opening 
either flows down to the floor of the building, or is collected in a mould 
idaced in front of E. 

In a new furnace the whole hearth above the brick bottom, A, is filled 
M’ith marl and beaten down by heated rammers, resembling broad-toothed 
rakes, to the required concave form of the refining bed, which is deepened 
about 12 or 14 inches in the middle, and has a circular hollow about an 
inch deep {Blkkftjnir) cut in the lowest part for the final collection of 
tlie silver; but when the furnace is at work, only the upper saturated 
( rust, about 3 or 4 inches thick, is renewed after each operation. In 
either ciise the dome is removed hy the crane before making the new bed. 

^\Tien working with unsoftened lead, about 5 tons are usually treated 
at one opeiation, and of this a little les^ tlian three-fouiths is intioduced 



Fig 200,— German Cupelling Furnace ; horizontal Nection. 


into tlie furnace before lighting up; the remainder i.^ ad<led at successive 
intervals during the progress of the refining. As soon as the marl bed huvS 
been dried, about 75 cwts. of lead are charged, in the form of small hemi- 
spherical pigs, which are placed with their convex surfaces downwards, 
so as not to injure the bottom. On the centre of the heap of lead thus 
formed are placed some billets of wood ; these are ignited by means of a 
shovelful of burning cliarcoal, and the movable cover, after being care- 
fully dropped into its place, is luted round with fire-clay. The blast is 
then turned on, and a fire of billets is made ujion the grate. From throe 
to five hours are required for the complete fusion of the mass, and when 
this has been accomplished the surface of the molten lead is found to be 
covered by a scum of refractory oxides known as Ahxvg, In order to 
facilitate the removal of this, by skimming, the Uunperature is now 
raised, and it is drawn through the litharge channel, E. This skimming 
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occupies about an hour, during which time fresli quantities of scum are 
continually rising to the surface. The bath of lead gi’adually acquires a 
gentle circular movement, and becomes bright and clear, but is quickly 
obscured by a covering of impure litharge, or Ahstnch.^ This, which is 
removed through the litharge channel, ordinarily begins to flow about an 
hour and a half after the skimming oif of the last Abzug, and continues 
to escape during about the same length of time, after which pure litharge 
makes its appearance. Litharge subsequently continues to flow from the 
furnace until the Blich, or brightening of the residual silver, takes place ; 
this generally occurs in from thirty to thirty-three hours after first turning 
on the blast. 

As soon as the flow of Abstricli has ceased, the remaining lead is 
introduced, two pigs at a time, through the opening, F, which, besides 
being used for this purpose, serves as a passage for the escape of a large 
portion of the products of combustion. The lead thus added is placed 
on a part of the bottom, which is raised for that purpose slightly above 
the ordinary level. In thus adding the second portion of the lead to 
be cupelled, a hard refractory mass of Abzug is left behind on the part 
of the bottom where the fusion of the pig is effected ; this is from time to 
time loosened and removed. 

Towards the close of tlie operation the temperature requires to bo 
considerably increased for the purpose of keeping the alloy, which is 
then rich in silver, in a sufficiently liquid state. The nozzles of the 
tuyers supplying air to the blast arc sometimes covered by small valves 
called “ butterflies,” which, being hung before them, serve to spread the 
blast over the surface of the metallic bath. The operation is continued 
until the greater portion of the lead has been removed in the form of 
litharge, and a plate of nearly pure silver of the shape of the cavity in 
the bottom remains. 

Immediately after the brightening has taken place, tlie workmen throw 
water over the surface of the metallic residue, and the BUcIcsilhei'y which 
is not pure, but contains about 5 per cent, of lead, &c. {Schwarzhhclc- 
sifher), is removed from the furnace for the purpose of being refined. 

The average loss of lead during cupellation by the German process is 
estimated at 8 per cent. ; but when, as was fonnerly the case, the bed 
was formed of lixiviated wood* ashes mixed with a little lime, this loss 
is stated to have been sometimes as high as 14 per cent. According 
to Winkler (1837), about 250 cubic feet of cord-wood are required for 
the cupellation of 5 tons of argentiferous lead in the state in which it is 
obtained from the smelting-furnace. 

Since the use of the softening furnace has become general, much larger 
quantities of lead are refined in one operation than was formerly the 
case, the furnaces being made larger, and the circular form of hearth 

^ The terms Abzug and Abstricli are applied differently in different districts ; but 
generally speaking the latter may be considered to be antimonial or arsenical litharge, 
and the former unmelted dross that must be drawn or skimmed. 
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modified to a more nearly elliptical or even rectangular shape. Thus at 
Freiberg the initial charge is 10 tons for small and 15 tons for large fur- 
naces, and a further quantity of 30 to 35 tons is added to the former and 
35 to 45 tons to the latter during the operation, which lasts six to seven 
days, until the concentration to 80 per cent, of silver is effected. Bohemian 
lignite is used as fuel, with a blast under the grate. At Przibram, 22 J 
tons of lead are charged at once on a furnace with a hearth about 11 J feet 
square, and refined in three days, giving a cake of 95 per cent, silver, weigh- 
ing upwards of 2 cwts. The coal burnt is about 20 per cent, of the weight 
of the lead refined. 

Eefinixg the Blicksilber. — This operation, which is called Fein - 
hrenneji^ may be performed in various ways, all founded on the principle 
of the separation of impurities by oxidation, at a temperature somewhat 
above the melting-point of silver. 

The most ancient process appears to be that of refining by means of 
a blast on an open test, of which the general arrangement is somewhat 
similar to that of the ordinary blacksmith^s forge. This metliod of 
refining is described by Agricola in his ‘De Ke ^letallica* (1561), and 
five illustrative woodcuts are given of the apparatus then employed ; it 
essentially consists of a large cupel beaten into an iron dish, and of 
double bellows for supplying a constant blast. The test ’was formerly 
made of a mixture of two-thirds lixiviated wood-ashes and one-third 
bone-ash; subsequently a mixture of bone-ash and sulphate of barium 
was made use of, but latterly marl similar to that used for the furnace 
bottom was employed. A hollow was cut with a curved knife in the 
centre of this test, which was placed in a cavity prepared for its reception 
in the top of the hearth. 

The Blicksilber was cut into pieces, and i)iled upon the test, which 
was surrounded by a sheet-iron hoop filled with charcoal ; ignited char- 
coal was placed before the nozzle, and the blast was turned on. The 
fusion of the silver was usually complete in the course of about half an 
hour, when the iron hoop was taken away, and the charcoal removed 
from the surface of the metal Small billets of dry wood 'were now laid 
before the tuyer ; these were replaced by fresh ones as fast as they were 
consumed, and care was taken to remove any ash that might fall upon 
the surface of the metallic bath. During this operation the silver was 
occasionally stirred with an iron rod, and as soon as the drop of metal 
which adhered to its extremity was observed to vegetate on cooling, the 
blast was stopped, the fire removed, and the cake of fine silver cooled 
with water until it had solidified. It was then removed from the test, 
and after being cleared from adhering particles of slag and litharge, was 
ready for the market. 

Instead of refining on an open test, the operation was sometimes con- 
ducted under a muffle into which a blast was admitted ; the refining of 
Blicksilber is iiow usually conducted either on a movable test, like that 
employed in the English process, or on a fixed marl bottom in a rever* 
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heratory furnace without a blast. From 16 to 22 cwts. of crude silver 
arc brought up to 996-998 thousandths fine in twelve hours. 

Treatment of Oxidized Eefinery Products. 

The oxidized products, dross, litharge of all kinds, and saturated 
bottoms, whose total weight is about 10 to 20 per cent, more than that of 
the lead operated upon, are either revived^ ix., reduced to the metallic 
state, returned to the ore-furnaces, or sold as oxide of lead, according to 
their condition of purity and greater or less richness in silver. The 
earlier products, Abzug and Abstrich, are, like the analogous dross of the 
calcining-furnace, converted into hard lead. Litharge, when allowed to 
cool quickly in the air, collects in stalactitic lumps of a greenish yellow 
colour, which are compact and somewhat tough ; but when it is moulded 
into large blocks, the interior portions, which remain fluid for some time 
after the outside has become hardened, are converted into a slightly 
coherent mass of crystalline scales of an orange-red colour. This, known 
as red-flake- or market-litharge, is the form of oxide of lead generally 
used in chemical and other manufactories, and, when possible, is sold as 
such, as its pulverulent form renders it less suitable for reduction than 
the harder variety, which is called yellow-lump- or reviving-litharge. 

Reducing. — The reduction to the metallic state of litharge from the 
refinery, the pot-dross, and the dross from the calcining pans, is, in this 
country, effected in a reverberatory furnace, somewhat resembling in form 
that used for smelting ; excepting that its dimensions are smaller, and 
that the sole, instead of being lower beneath the middle door than at any 
other part, gradually slopes from the fire-bridge to the flue at the opposite 
extremity. Here there is a depression in which is the tap-hole; this con- 
stantly remains partially open, and from it the reduced metal continually 
flows into a small iron pot, placed on the side of the furnace. Under this 
pot a fire is lighted, and the lead is subsequently laded from the pot into 
moulds. 

Before being thrown into the furnace, the litharge is mixed with small 
coal, and is then charged on that part of the hearth which lies before the 
fire-bridge. To prevent the fused oxide from attacking the bottom of 
the furnace, and also to afford a sort of hollow filter for the liquid metal, 
the workman, before charging the oxide to be reduced, covers the hearth 
with a layer, about 2 inches in thickness, of bituminous coal. The heat 
of the furnace soon causes the ignition of this stratum, and it quickly 
becomes burnt to the state of a spongy cinder, upon which the mixture 
of litharge and carbonaceous matter is charged. The small coal in the 
charge causes the reduction of the litharge, which, assuming the metallic 
form, flows gradually through the interstices in the cinder, and falls into 
the depression at the extremity of the hearth ; whence it gradually flows 
through an iron spout into the external pot in which it is collected. 
The surface of the charge is, during its elaboration, frequently stirred 
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with an iron rake, for the double purpose of exposing new surfaces to the 
action of the furnace, and also to allow the reduced lead to escape more 
readily. 

Additional quantities of the material operated on, mixed with coal, 
are from time to time cliarged into the furnace ; at the termination of 
the shift, which commonly extends over twelve hours, the tap-hole is 
opened, and, after the escape of the whole of the lead, the residual lead- 
cinder is withdrawn. A new floor of cinders is then formed, and tlie 
operation continued as before. A furnace witli a bottom 8 feet in length 
and 7 feet in width will reduce 5i tons of lead from litharge in tlie 
course of twenty-four hours. About 3 cwts. of coal are required for the 
reduction of each ton of litharge. No fresh material is charged for a 
considerable time previous to the termination of a shift, and the lead- 
cinder then withdrawn is, in the majority of cases, smelted in the slag- 
hearth or blast-furnace. 

In Germany, litharge-reviving is usually done with coke or charcoal 
in a low blast-furnace, about 10 per cent, of slags from previous reducing 
operations or from ore-smelting being added, and sometimes a little fliior- 
s])ar. In Freiberg the 8-tuyer ore-smelting furnaces are used, and 
reduce about CO tons of litharge daily, with an expenditure of 3 to 4 
tons of coke. The lead, when necessary, is softened and desilverized. 
The rich litharge produced in the final stage of refining, wdien the lead is 
concentrated to 2,000 ounces of silver and upwards, is separated ami 
treated apart, as it gives lead with 70 to 100 ounces of silver. Saturated 
tests are reduced wdth fluor-spar flux in a slag liearth ; but the marl 
bottom of the German refinery is usually returned to the ore-smelting 
furnaces. 

Electrolytic Lead-Refining, — Keith’s process for the production of 
pure lead by electrolysis has been for some years in use in New Y'ork. 
The furnace-lead, which need not be softened, is cast into tldn plates 
about 4 feet long, weighing 45 lbs., wdiich are enclosed in muslin bags 
and made tlie anodes in an electrolyzing cell containing a solution of 
sulphate of lead in acetate of sodium ; the cathodes, plates of pure lead, 
are placed about 2 inches from the anodes. The bath is heated by 
steam to about 38’ C., and tlie current of a Weston dynamo, making 1,500 
revolutions per minute, is passed through the cell. The anodes an^ 
corroded and dissolved with an ecpii valent deposition of lead on the 
cathodes in a loose crystalline powder, wliich falls to the bottom of the 
cell, while the gold, silver, and other insoluble matters arc retaimul in 
the muslin bags, and collected for further treatment when only 2 or 3 
per cent of the lead plate remains undissolved. With a system of 
forty-eight decomposing cells, each containing 50 anodes, 10 tons of 180- 
ounce silver lead, with 2J per cent of antimony and arsenic, are refined 
daily by a 12-hor8e power steam-engine. The precipitated lead contains 
1 1 grains of silver per ton, and must be compacted by hydraulic pressure 
before it can be melted. 



LEAD. 


657 


Lead Fume. 

Lead being to a considerable extent volatile at high temperatures, a 
notable loss of that metal is experienced during the various operations of 
smelting, refining, reducing, &c. ; diiferent means are consequently employed 
for the purpose of collecting these fumes and for rendering them available 
as a source of lead. The most efficacious method of collecting the lead 
carried off in the state of fume is by the use of long flues of considerable 
transverse area. Numerous other contrivances, such as drawing the fumes 
through water, passing them through condensing chambers, the introduc- 
tion of water in the form of spray, blowing steam into the flues, &c., are 
sometimes resorted to, with more or less satisfactory results. The follow- 
ing are the respective lengths of the flues at the smelting- works belonging 
to Mr. ]3eaumont, as furnished by Mr. Sopwith to Dr. Percy : — 

At Allen Smelt Mill 

At Allenheads Mill 

At Kookhope Mill 

The total length of the above flues is consequently about miles ; 
their transverse area is not uniform, but their average height is 8 feet and 
their width 6 feet. In one year as much as 800 tons of lead have been 
extracted from the fumes obtained from these flues. At Keld Head 96 
tons 1 3 cwts. of lead were obtained from fume resulting from the produc- 
tion of 1,374 tons, or in the ratio of 7*03 per cent. At Pontgibaud, 
where the flues are 500 metres in length, and the ores are smelted in 
blast-furnaces, 3*67 per cent, of the lead is obtained from fume. At the 
Wildberg Smelting Works, Germany, where the flues were 800 feet in 
length, and smelting was conducted in the Castilian furnace, 1^ per cent, 
of the assay produce of lead was obtained from fume. 

At Ems, in Nassau, a flue of varying section about 1850 yards, or 
including branches 2260 yards, long is used. The wall surface, of about 
180,000 square feet, is increased by more than 120 per cent, by thin 
sheet-iron plates hung parallel to the direction of the current on the 
cooler sections near the chimney, which is 730 feet above the furnaces. 
The dust collected from smelting 14,600 tons of ore with 6,248 tons of 
lead, yielded 500 tons of the metal, or about 8 per cent, of that contained 
in the ore. 

The lead contained in fume, to a large extent, exists in the form of 
sulphate, and is recovered by roasting and smelting it either alone or in 
admixture with lead ores. Fume-lead is considerably poorer in silver 
than that derived directly from the ores from which it was produced. 

The following are the results obtained by a series of assays of the 
lead-fume at Wildberg, where the average assay for silver of the lead 
produced was about 21 J ounces per ton : — 

2 T 


Tards. 

. 4,451 

. 4,338 

. 3,424 
. 2,548 

14,761 
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Samples taken from the Top op Main Flue at Distances of 100 Feet apart. 



Le.id. 

Silver. 





Per Cent. 

Oz 

Dwt. 

Gr. 

No. 1, 

near blast-furnace 


49 

2 

9 

0 

.. 2, 

near 

reverberatory furnace 


20 

3 

5 

8 

»» 3, 

100 

Feet in advance of No. 

o 

70 

3 

5 

8 

M 4, 

100 

« It If 

8 

44 

3 

5 

8 

„ 5. 

100 

tt It 

4 

48 

2 

17 

0 

.. 6, 

100 


5 

47 

3 

5 

8 

7, 

100 

ft ft 

6 

46 

1 3 

5 

8 

8. 

100 

tl ft 

7 

40 

i 2 

1 

5 

M 9, 

100 

tt 9t 

8 

42 

1 3 

5 

8 

„ 10, 

1 of chamber at thn^t } 

i of refinery . • \ i 

49 

! 22 

17 

8 


Samples taken from Bottom of Main Flue at Distances of 100 Feet apart. 







Lead. 

1 

Silver. 







Per Cent. 

Oz 

l)wt. 

Or. 

No. 

1, 

near blast-furnace 


53 

2 

9 

0 

tl 

2 

near 

reverberat<»ry furnace 


59 

2 

9 

0 

f f 

3, 

100 

feet in advance of No. 

2 

63 

3 

5 

8 

1 f 

4, 

100 


3 

61 

2 

9 

0 

tt 

5, 

100 


4 

49 

2 

17 

0 

ft 

6, 

100 


5 

64 

2 

1 

5 

f 9 

7. 

100 


6 

46 

3 

6 

5 

f f 

8, 

100 


7 

6S 

1 

12 

5 

ft 

9, 

100 


8 

6*2 

2 

17 

0 

ft 

10. 

J bottom of chamber at foot ) 

( of chimney . . \ 

66 

3 

5 

8 


In the same way that, from tlie greater volatility of lead, the metal 
obtained from fume contains a less proportion of silver than lliat directly 
extracted from the ore, so also, on account of the greater oxidizability of 
lead, that obtained from slags is less argentiferous than that reduced from 
the corresponding ores. 


SILVER. 

Silver is a white metal, capable of receiving a lustre inferior only to 
that of polished steel. Its malleability and ductility are, next to gold, 
greater than those of any other metal. Pure silver is harder than gold 
and softer than copper ; its specific gravity is 10*50 ; when pure it enters 
into fusion at a full red heat, corresponding to about 1,023*" C. Fused 
in open vessels it absorbs oxygen in considerable quantity, sometimes 
amounting to 22 times the volume of the metal itself. On becoming 
solid, however, the whole of this gas is again expelled. This circumstance 
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is probably, to some extent, the cause of the metallic vegetation which 
takes place on the surface of silver when suddenly cooled on the cupeL 
Heated very strongly this metal gives off metallic vapours, and between 
two carbon electrodes in connection with a powerful voltaic battery it 
is volatilized. By fusing a large quantity of silver, and afterwards 
allowing it to cool very gradually, cubical and octahedral crystals may 
be obtained on piercing the solidified crust and running off the still- 
liquid metal. When solutions of silver are decomposed by the action of 
feeble electric currents, the precipitated metal often assumes a crystalline 
form. Silver does not absorb oxygen at ordinary temperatures, but 
speedily becomes blackened on exposure to an atmosphere containing 
sulphuretted hydrogen, which is decomposed by it with great facility. 

Heated to redness in contact with the caustic alkalies, it is not in the 
least affected, and for this reason is sometimes employed for making 
crucibles, to be used when attacking substances by caustic potash. In 
the presence, however, of fused alkaline silicates, silver vessels become 
acted on to a small extent, and the silicate is stained of a light yellow 
colour. Oxide of silver is reduced by heat alone, and a globule of metal 
is obtained. 

Unless in a state of extreme division, silver is not attacked by hydro- 
chloric acid, and even then it requires to be heated to the temperature of 
ebullition before decomposition of the acid is effected. By dilute sul- 
phuric acid no effect is produced, but strong sulphuric acid, when heated, 
is readily decomposed, with the formation of sulphate of silver and the 
evolution of sulphurous anhydride. Nitric acid readily attacks silver, 
even at ordinary temperatures ; nitric oxide is evolved, and nitrate of 
silver is produced. By chlorine, iodine, and bromine, silver is attacked, 
even in the cold. 


Silver Ores. 

Silver occurs not only in the native state, and alloyed with various 
other metals, but also mineralized by such elements as sulphur, selenium, 
chlorine, bromine, and iodine. 

Native Silver; Argent natif; Gediegen Silber, Cubic. — Native 
silver is found accompanying almost all the ores of. this, metal, and more 
particularly its sulphides, sulpho-salts, and chloride. It occurs either in 
distinct crystals or in divergent branches, of which the extremities are 
often composed of minute crystals, similar to those frequently observed 
in specimens of native copper. 

It also occurs in amorphous masses, in long filamentary strings (hair- 
or wire-silver), and in the shape of compressed plates. One of the largest 
masses of metallic silver ever obtained in Europe was procured from the 
mines of Kongsberg, in Norway ; this specimen, which is preserved in 
the Museum of Copenhagen, weighs about 500 lbs. Others of still 
larger size have been cited as coming from the same locality. Crystals 
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of native silver are seldom very distinctly defined, as they do not usually 
occur in an isolated state, and are generally more or less distorted. The 
cube, the octahedron, and the dodecahedron, are among the forms which 
it most commonly assumes. Native silver is often found disseminated 
through ferruginous veinstones or “ gozzans,” as at Huelgoet, in Brittany, 
and in the mines of Chili, Peru, and Mexico, where such ores receive the 
names of “pacos” and ** colorados.” Native silver is also found in the 
Harz, Saxony, Hungary, and Dauphiny ; large quantities are afforded by 
the mines of Peru and Mexico ; and in the United States of America 
beautiful specimens are found associated with the copper procured from 
the district south of Lake Superior. Native silver is usually alloyed 
with some gold, copper, or iron, that of Kongberg contains about 5 per 
cent, of mercury. 

Native Amalgam ; Argent amalgame ; Silbcramalgam, Cubic. — 
This mineral, which is of a silver-white colour and bright metallic 
lustre, occurs both in distinct crystals and amorphous ; it also not 
unfrequently assumes the form of thin plates, occupying fissures in the 
veinstone. 

Its specific gravity is about 14; when heated before the blowpipe, 
mercury is expelled, and a fused button of metallic silver remains. The 
composition of this amalgam is, according to Klaproth — 

Ag 36-00 

Hg C4-00 

100-00 

This corresponds with the formxda Agllg; another variety, with 74 
per cent, of mercury, is AgJIgg. This mineral is found in many localities, 
but the finest specimens have been ju-ocured from Moschellandsberg in 
Ehenish Bavaria. 

Richer amalgams, called Arquerite^ form one of the sources of silver 
in the rich mines of Arqucros, in the province of Coquimbo, Chili, 
hrom their malleability and general appearance, they were long thought 
to be metallic silver. According to the analysis of Domeyko, of the 
Mining School, Coquimbo, they consist of — 

Ag 86-50 65*4 

Hg 13-50 34-6 

100-00 100-0 

which correspond to Agi^Hg and Agyllgj. 

Argentite ; Sulphide op Silver; Argent sulfure ; Silherglanz ; 
Glaserz, Cubic. — Occurs massive, and crystallized in cubes and dode- 
cahedra. Its colour is a blackish lead-grey, with a shining streak of the 
same colour. The fracture of the massive varieties is slightly conchoidal. 
It is fusible even in the flame of an ordinary candle, and before the 
blowpipe, on charcoal, gives off sulphurous vapours, and yields a button 
of silver. This is at the same time one of the richest and most abundant 
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ores of silver, and furnishes a large proportion of that annually produced 
by various foreign mines. It occurs in those of Saxony, Bohemia, and 
Hungary, and is particularly abundant in the mines of Guanaxuato and 
Zacatecas, Mexico. It occurs abundantly with stephanite, native gold, 
&c., in the Comstock lode, Nevada. 

The composition of argentite is, silver 87 and sulphur 13 per cent., 
corresponding to AgjjS. 

Stephanite ; Brittle Silver Ore ; Paaturose; Sprddglaserz. Rhombic. 
— This mineral is of an iron-grey colour, inclining to black, with metallic 
lustre and unequal conchoidal fracture. It has a specific gravity of 6 ’2, 
is extremely brittle, and when broken yields a black powder. 

Before the blowpipe, on charcoal, it affords a button of silver, after 
having given off sulphurous and antimonious fumes, in which the peculiar 
odour of arsenic may often be detected. When crystallized, it is usually 
found in small, flat, six-sided prisms. 

This mineral, which occurs with other silver ores at Freiberg, Schnee- 
berg, and Johanngeorgenstadt, as well as in the mines of Bohemia and 
Hungary, and in those of Chili, Peru, Mexico, and Nevada, has, accord- 
ing to analyses of Rose and Kerl, the following composition : — 



From Andreasberg. 
By Kcrl. 

From Schemiiitz. 

By H. Ruse. 

Ag .... 

68*38 

68*54 

Cu 


0*64 

Fe 

0*14 


Sb and As . . . 

15 79 

14*68 

S 

16*51 

16*42 


100*82 

100*28 


Formula Ag,SbS 4 , or SAgoS.Sb^Sg. 

Polybasite; Polyhasite; EugengJanz, Rhombic. — Crystals usually 
short tabular prisms, with triangularly striated base, parallel to alter- 
nate edges ; cleavage basal, imperfect. Also massive and disseminated. 
Colour, iron-black, excepting when in thin crystals, which appear cherry- 
red by transmitted light ; streak black. Specific gravity, 6*21. 

Heated in an open tube it fuses, giving off sulphurous and antimonious 
fumes ; on charcoal, before the blowpipe, fuses into a globule with evolu- 
tion of sulphur, and sometimes arsenic, coating the support with an anti- 
monious deposit. It occurs in the mines of Guanaxuato and Guadalupe-y- 
Calvo, in Mexico; in Chili; at Freiberg; and at Przibram, &c. Also 
in Nevada, Idaho, and various other localities in the United States. 

Two specimens of this mineral, analysed by H. Rose, afforded the 
following results ; — 
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From Mexico. 

From SebemniU. 

Ag .... 

64-29 

72-43 

Sb 

6-09 

0-25 

As 

3-74 

6-23 

Cu .... 

9-93 

3-04 

Fe 

0-06 

0 83 

Zn 


0-59 

S 

1 1 

17 04 

16-83 


100-15 j 

99-70 


The second is approximately 8 Ag.jS.CuoS.As. 53 . 

Dark-Red Ruby Silver Ore; Pyrargyrite; Anjent rouge anii~ 
monial ; Dunklesi'othguUigei'z, RhomboliedraL — Colour black to cochi- 
neal-red; streak red; transparent to opaque; fracture conchoidaL Specific 
gravity 5 *7-5 *9. 

Light-Red Ruby Silver Ore; Proustite; Argput rouge arsenical ; 
Lichtesrothgultigerz, Rhomboliedral and generally similar to Pyrargy- 
rite, but of a lighter red colour and adamantine lustre. 

These minerals are analogous in constitution, and of the following 
composition : — 


Pyrartfj’rite, 

ProuHtite,, 

AgjSbS,. 

Ag3 

00 

65 46 

22-51 

15 15 

17-71 

19 81 

100 

j 100 


Fused with sodium carbonate on charcoal, before the blow-pipe, 
either mineral affords a globule of silver. 

Ruby silver ores occur with calcite, native arsenic, and galena at 
Andreasberg, in the Harz; also in Hungary, Saxony, Norway, at 
Guadalcanal in Spain, &c., and are abundant in Mexico. Peautiful 
ciystals of Proustite have been obtained in Chili from mines near 
Copiapo, and it also occurs in the Austin district, State of Nevada ; in 
the Poor Man lode, Idaho, it has been found in masses weighing several 
pounds. 

Freiedehenite or Scldl/glaserz (AgsPbjSbjSg), containing 22*5 per cent, 
of silver, which occurs as a rarity in Saxony and liohemia, has been 
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Stromeyerite and Jalpaite are isomorphous mixtures in various prcn 
portions of CugS and AgjS, containing from 3 to 70 per cent, of silver. 
The first is rhombic and the second cubic in crystalline form. They are 
of some importance as ores in Arizona and Northern Mexico. 

Tetrahedrite, especially in the purely antimonial varieties, found 
principally in the Harz, the Isle of Man, Cornwall, Tyrol, Peru, Chili, 
and Bolivia, contains from 10 to 30 per cent, of silver. The mixed 
varieties, with both antimony and arsenic, contain less silver, and the 
pure arsenical kinds, none. 

Chloride of Silver; Cbrargyiritb ; Argent coi'ne ; Silberhomerz. 
Cubic. — This mineral constitutes one of the richest and most abundant 
ores of Chili and Peru, where it is frequently associated with native 
silver, apparently resulting from its decomposition. It also occurs in 
amorphous fragments in connection with sulphide of silver, but still 
more frequently disseminated in the ferruginous ores known in Peru 
under the name of pacos, and in Mexico as colorados. The chloride of 
silver of Huelgoet is of this description, and is disseminated through a 
cavernous hydrated iron oxide, and sometimes assumes the form of small 
octahedral crystals, the largest of which do not exceed in size the head of 
an ordinary pin. Very large masses have been obtained at Leadville, 
Colorado. 

The colour of this mineral is white or yellowish-white, which becomes 
violet by exposure to light ; massive fragments, when broken, present a 
conchoidal fracture, the edges being transparent or translucent. Chlo- 
ride of silver is extremely soft, and admits of being cut with a knife or 
scratched by the nail It is fusible before the flame of the blow-pipe, 
and, when supported on a piece of charcoal, affords a pearl-like button, 
which, by continued exposure to the reducing flame, yields a globule of 
silver. On being moistened with water, and rubbed with a piece of 
metallic zinc, its surface becomes covered with a film of reduced silver. 
Chloride of silver, when pure, consists of silver 75*3, chlorine 24*7 ; and 
its composition is therefore represented by the formula AgCl. Sp. 
gr. = 4*45. 

Emholite^ or chloro- bromide of silver, very commonly occurs in asso- 
ciation with the preceding mineral in Mexico, Chili, and Colorado. It 
is usually in crystalline grains and small masses of a greenish colour. 
The composition is not well defined, as bromine and chlorine replace 
each other in every proportion. It is doubtful whether pure bromide of 
silver occurs in nature. 

Iodide of silver (Agl) has been found in Chili and Mexico. 

Several combinations of silver with selenium and tellurium, as well 
as alloys with bismuth and antimony, are found in nature, but only as 
mineralogical rarities ; and the preceding list includes all the more 
important minerals containing silver as a principal constituent. These, 
also known as precious or noble silver ores, are only exceptionally found 
in large masses, the ores of even the richest silver mines consisting as a 
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rule of intimate mixtures of such precious minerals with quartz, calcite, 
barytes, and other earthy minerals, iron- copper- and arsenical-pyrites, 
nickel and cobalt ores, zinc-blende, galena, and their oxidation products, 
which cannot be subjected to any dressing process without great loss, so 
that the classification of the ore is mainly done by hand picking. A 
small proportion of very rich mineral with 400 to 2,000 ounces or 
more of silver per ton may thus be obtained, but the bulk of workable 
ores contains very much less, and may probably be taken as ranging 
from about 20 up to 200 ounces per ton, the lower profitable limit 
varying, of course, with the facilities for treatment and other local 
circumstances. 

Dry ores, or those consisting essentially of quartz and rich silver 
minerals, are also known as milling ores, i.c., suitable for reduction in 
amalgamating mills, w^hile those containing sulphides of lead or copper in 
quantity are smelting ores. 

Free milling ores are dr}' ores without sulphur, arsenic, or antimony. 
"VMien these substances are present they are refractory ores, which should 
be roasted before amalgamation. 

Refractory smelting ores are those containing antimony, arsenic, and 
more particularly zinc-blende. The latter mineral is extremely prejudicial 
to the silver smelter, and special reductions are sometimes made on the price 
of ores when the proportion of zinc exceeds 15 to 20 per cent 


Distribution op Silver Ores. 

The rocks enclosing silver ores differ very widely both in age and 
composition. Silver ores often occur in lodes enclosed in tlic older 
crystalline and metainorphic rocks, and many of these have been worked 
to great depths without permanent change in character or apparent 
diminution of productiveness. Some of the veins of Norway and Saxony 
are remarkable examples of tliis mode of occurrence. In Soutli America 
a large proportion of the silver is obtained from veins in calcareous 
rocks. The silver-bearing fttrata of Peru and Polivia are believed to bo 
of Carboniferous age ; whilst the rocks, in which the famous silver mines 
of Chanarcillo and Trespuntas, in Chili, are worked, are said to be 
Lower Cretaceous. Those enclosing the celebrated Comstock vein at 
Virginia City, in the State of Nevada, are eruptive, belonging, according 
to Richthofen, to the latter part of the Tertiary and beginning of the 
Post-Tertiary periods. 

Nearly the whole of the silv( r obtained in the United Kingdom is 
extracted from argentiferous lead ores by processes which have been 
described when treating of the metallurgy of lead ; the amount thus 
annually produced is now only about 28,000 lbs. troy. 

The celebrated Kongsberg mines, in Norway, were discovered in 
1623, and have been worked with but little interruption up to the present 
time; their yield of silver in 1879 was 10,500 lbs., but they wore for- 
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merly much more productive. Sweden also produces a small amount of 
this metal from the mines of Sala, in Westmanland. 

Austria-Hungary annually produces about 68,000 lbs. troy of silver, 
while Saxony yields 161,326 lbs., of which amount Freiberg alone affords 
157,600 lbs. The annual yield of the Upper and Lower Harz is about 
127,500 lbs. The production of silver at Mansfeld in 1884 was 198,303 
lbs., and the total production of the German Empire during the same 
year was 660,524 lbs. troy. 

The annual production of Russia is estimated at 27,000 lbs, troy. 
In France there are, at the present time, no mines in operation on what 
can be regarded as silver veins, although those of La Gardette and 
Chalanches, in the department of Is^re, were formerly worked for silver 
ore. Huelgoet, in Brittany, although strictly speaking a mine of argenti- 
ferous galena, yielded an ochreous clay containing about 30 ounces of 
silver, in the form of chloride, per ton of ore. The mines of Pontgibaud, 
Puy-de-D6me, produce argentiferous galena, very rich in silver, which is 
extracted by smelting in low blast-furnaces. The yearly production of 
silver in France is estimated at 16,000 lbs. The annual yield of Italy, 
chiefly from the ores of Sardinia, is about 70,000 lbs. 

In Spain silver mines were formerly worked in mica-slate at 
Guadalcanal and Cazalla, north of Seville, and were, at one time, very 
productive. Antimonial lead ores rich in silver are found in the Sierra 
Almagrera, near Almeria. For some years the most important silver 
mines of Spain were those of Hiendelaencina, in the province of 
Guadalajara, seventy miles north of Madrid. They were discovered in 
1843 by a native of the district, who had worked in the mines of 
Mexico. This man, on his return to his native village, remarked the 
resemblance which a large stone on the roadside bore to some of the 
silver ores he had seen in the mines of the New World. On being 
analysed it was found to be a rich ore of silver, and the stone proved to 
be the out-crop of a regular vein. The ore at Hiendelaencina is chiefly 
freieslebenite. The production of these mines from 1846, when they 
were first worked, up to June 1866, amounted to 631,544 lbs. troy, 
but their returns since the year 1858 have been very small. The pre- 
sent annual silver production of Spain, including that extracted from 
pyrites, but which is mostly obtained from lead, is estimated at about 
250,000 lbs. troy. 

Formerly the most important mines of North America were those of 
Mexico. But of late years enormous amounts of silver bullion have been 
produced in the United States. 

At the date of the publication of Humboldt’s ‘Essai Politique’ 
(1825), the mining districts of Mexico, arranged, in accordance with 
the importance of their several yields, followed each other in the sub- 
joined order; — 
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Guanaxnato^ 

Intendency of Guanaxuato 

Catorce 

ft 

San Luis Fotosi 

Zacatecas 

ft 

Zacatecas 

Real del Monte ,, 

Mexico 

Bolaiios 

fi 

Guadalajara 

Guarisamey 

»» 

Durango 

Sombrerete 

ft 

Zacatecas 

Tasco 

»f 

Mexico 

Batopilas 

»» 

Durango 

Zimapan 

»t 

Mexico 

Fresnillo 

»» 

Zacatecas 

Ramos 

»» 

San Luis Potosi 

Parral 

ft 

Durango 

It is stated, by the same 

author, that 

the silver extracted from the 


mines of Mexico, from 1st January 1785 to 31st December 1789, 
amounted to 7,314,344 lbs. troy. The War of Independence caused a 
great falling-off in the annual production of the precious metal, which 
between the years 1810 and 1845 probably did not average more than 
800,000 lbs. of silver and a little over 400 lbs. of gold. Since 1850, 
however, the mines of Mexico have partially regained their ancient pro- 
sperity, and their present annual produce of silver may be estimated at 
1,000,000 lbs. This is mainly derived from localities in the centml 
provinces, as given in the above list, but the northern mines in Sonora 
and Chihuahua are rising in importance. 

Although the discovery of silver in the State of Nevada only dates 
from the year 1859, its extraordinary production for more than twenty 
years rendered its mines more famous than those of countries in which 
silver mining has been carried on for ages. The mines on tlie great 
Comstock vein in the vicinity of Virginia City have been very extensively 
worked, and up to the end of June 1880 produced bullion to the value 
of £63,000,000, of which value £28,000,000 was represented by gold. 
In addition to those on the Comstock vein, which now appears to be 
nearly exhausted, there are silver mines in the Austin district, at White 
Pine, and in other portions of the State. The ores found on the Com- 
stock chiefly consist of argentite and stephanite, whilst many of the 
mines in the neighbourhood of Austin yield dark-red silver ore. At 
White Pine the ores were chiefly chlorides. Idaho has afforded massive 
pyrargyrite. The other most important silver-producing States are 
Colorado, Utah, Montana, Arizona, California, and New Mexico. 

Native silver is also found associated with the native coi)|)er of Lake 
Superior. The annual production of silver in the United States and 
Territories is now not less than 2,650,000 lbs. troy. 

A small mine, producing very ricli ores like those of Kongsberg, was 
worked for several years at Silver Islet, Lake Superior, and sulphide of 
silver has latterly been found in some quantity at Rabbit Mountain, also 
on the Canadian side of the lake. 

Comparatively little is known of the geology of Central America, 
excepting that the predominant rocks are granite, gneiss, and mica-slate, 
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and that the abundance of igneous rocks bears witness to extensive 
volcanic action. Silver is found in various parts of that country, and 
about twenty-five years since some mines, worked by an English com- 
pany, in the mountain of Alotepec, afforded, in the course of eight years, 

53.000 lbs. of silver. 

The silver mines of Peru, Bolivia, and Chili are of considerable 
importance. At the mines of the Cerro de Pasco, in Peru, the principal 
ores worked are of the description known as pacos,” which are analo- 
gous to the Gossans of the Cornish miner. These argentiferous gossans 
have been found in such enormous quantities at Pasco, where they have 
been worked since the commencement of the seventeenth century, that 
although during the last twenty years of the eighteenth century they had 
produced above five million marks of silver, but few of the workings had 
penetrated to a depth of a hundred feet. In addition to the Cerro de Pasco 
there are various other districts in Peru which have produced large quan- 
tities of silver. The total annual production of the silver mines in Peru 
is about 230,000 lbs. troy. 

The mining district of Potosi, which was once included in the vice- 
royalty of Buenos Ayres, now forms a portion of Bolivia. In this locality 
above thirty principal veins, besides others of less importance, have been 
worked, and have at various times, since their discovery in 1545, yielded 
almost fabulous amounts of silver. Many of them are situated in a moun- 
tain called Hatun-potocsi^ the summit of which reaches an elevation of 

16.000 feet above sea-level ; the ores obtained, from the period of their 
discovery up to 1571, when the process of amalgamation was first intro- 
duced, were treated exclusively by fusion. The period of the greatest 
productiveness of the Potosi mines was during the century immediately 
following their discovery, when the average annual amount of the silver 
produced was about 600,000 lbs. troy. Shortly after the commencement 
of the seventeenth century their yield began to decline, and at its close, 
only amounted to an annual value of from six to eight hundred thousand 
pounds. Rich deposits of silver ore have also been discovered in the 
district of Caracoles, now ceded to Chili. The quantity of silver ore 
exported from Antofagasta and ^lejillones de Bolivia (the ports of Cara- 
coles) from November 1872 to July 1873 was JO, 115 tons, containing 
about 300,000 lbs. of silver. The most important Bolivian mine is at 
Huanchacha, about 80 miles S.W. of Potosi on the Atlantic slope of the 
Andes. The present annual yield of Bolivia is estimated at from 448,000 
to 460,000 lbs. troy. 

The most important silver mines of Chili are those situated in the 
neighbourhood of Copiapo. The principal workings are in tlie vicinities 
of Chafiarcillo and Trespuntas, the first sixteen leagues south, and the 
second thirty to the north-east, of Copiapo. In Chili the development of 
the mineral resources of the country has been of more recent date than 
in the other South American States ; but its comparatively flourishing 
political situation has enabled workings to be established on an extensive 
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scale, and within a few years a considerable increase has taken place in 
the amount of silver produced. Its present yield is estimated at about 
400,000 Iba 

The Santa Anna mines in the province of Mariquita, New Granada, 
were formerly of some importance, producing from 11,000 to 12,000 lbs. 
of silver annuall 3 \ 

It is estimated that the total annual production of the known silver- 
producing countries of the world is now about 7,650,000 lbs. troy. 

Assay of Silver Ores. 

By Fusion with Litharge, <kc. — In assaying silver ores, the object 
sought is to obtain the silver in the form of an alloy with lead, which 
is afterwards passed to the muffle and cupelled in the manner described 
when treating of the method of assaying lead ores containing silver. 

Argentiferous minerals containing copper may be assayed either by 
scorification, or by fusion with oxide of leatl, as if silver alone were pre- 
sent, since the resulting button of alloy admits of being cupelled with a 
proi>er addition of metallic lead. The roasting of such ores, when 
necessary, should be effected at as low a heat as jx)ssible, as, from their 
great fusibility, they would otherwise be liable to agglutinate, by which 
tlie complete expulsion of sulphur w'ould be rendered difficult. 

Ores of silver in which the metals (after roasting or otherwise) exist 
in the form of oxides are commonly fused with a mixture of litharge, or 
red lead, and finely powdered charcoal, by which an alloy with lead is 
obtained, which is subsequently subjected to cupellation. The proportion 
of litharge employed for this purpose must he varied according to circum- 
stances, as the resulting button of alloy should neither be too rich, since in 
that case a portion of the silver might be lost in the slag, nor too poor, as the 
cupellation would then occupy a long time, and undue loss of silver througli 
sublimation and absorption by the cupel would be entailed. In ordinary 
cases, if 400 grains of ore be the quantity operated on, a button of 200 
grains will be a convenient amount for cupellation ; and this may be 
obtained by tlie addition of 500 grains of litharge, and from 12 to 15 
grains of finely powdered charcoal or lamp-black. The whole is to b<^ 
well mixed with 200 grains of sodium carbonate, on a sheet of glazed 
paper, and afterwards introduced into an earthen crucible, of which it 
should not fill more than three-fifths the capacity. This is covered with 
a thin layer of borax, and fused in an ordinary as.say-furnace, care being 
taken to withdraw it from the fire as soon as a liquid and perfectly 
homogenous slag has been obtained, since the unreduced litharge would 
otherwise l>e liable to cut through the pot and thus spoil the results. 
When it has sufficiently cooled, the crucible is broken, and the button of 
alloy obtained passed to the cupel.^ In this and all similar cases it is 
necessary to ascertain by previous experiment the amount of silver con- 
^ laatead of breakiog the crucible iti conteuti may be poured into * caitdron mould. 
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tained in the lead resulting from the reduction of a given weight of the 
litharge employed, in order to be possessed of data from which to make 
the requisite deduction from the result obtained. With very poor litharge, 
however, the resulting lead contains so small an amount of silver, that, 
for many commercial purposes, its presence may be neglected. 

When other minerals than oxides or carbonates are to be examined, 
the addition of charcoal, or any similar reducing agent, becomes in some 
instances unnecessary, as litharge readily attacks the sulphides, <kc., and 
oxidizes nearly all their constituents, with the exception of silver, whilst 
a proportionate quantity of metallic lead is reduced. The slags formed 
in this way contain the excess of litharge added, and the button of alloy 
produced is subjected to cupellation in the usual manner. The propor- 
tion of oxide of lead added to ores of this description must vary in accord- 
ance with the amount of oxidizable substances present. It should, how- 
ever, in all cases be in excess, since, if the slags retain any undecomposed 
sulphide, the whole of the silver contained in the ore may not be collected 
in the button of alloy obtained. 

An objection to this method of assaying is to be found in the large 
amounts of lead produced for cupellation; as one part of pure iron 
pyrites reduces 8J times, and sulphide of antimony or grey copper ore 
from 6 to 7 times its weight of lead. This inconvenience may be 
obviated by effecting the partial oxidation of the mineral either by roast- 
ing or by the aid of nitre, by the skilful use of which the button of lead 
may be obtained of almost any required weight. 

When this reagent is employed in excess, it determines the oxidation 
of all the oxidizable constituents of the ore. But when, on the con- 
trary, the mixture contains a large amount of litharge, and nitre has not 
been added in sufficient quantity to decompose the whole of the sulphides 
present, reaction takes place between the undecomposed sulphides and 
oxide of lead. This gives rise to the liberation of metallic lead, which, 
combining with the silver, affords a button of allo 3 % from which the 
latter metal is obtained by cupellation. The amount of nitre employed 
for this purpose will depend on the composition of the ores operated on, 
but it should be borne in mind that 2^ parts of potassium nitrate are 
sufficient to completely oxidize 1 part of pure iron pyrites, and that 1 J 
and I their respective weights are, in the case of sulphide of antimony 
and galena, sufficient to produce the same effect. 

ScoRiFiCATiON. — This is a simple and convenient process for assaying 
silver ores, as well as some gold ores. 

It consists in exposing the finely ground ore, mixed with granulated 
lead, and placed in a saucei^shaped scorifier, to the action of a bright red 
heat, in an ordinary assay muffle. 

Part of the lead is thus converted into litharge, and this, as fast as it 
is produced, reacts on the various substances contained in the ore, form- 
ing with them a clean slag, in which no appreciable amount of the precious 
metals is met with. Practically, the whole is found alloyed with the 
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lead remaining after the operation. The saucer-shaped vessels or scori- 
ficrs, employed for this purpose, should be of close-grained fire-clay well 
baked. It is important that they should be compact in structure, so as 
to resist the corrosive action of fused litharge. They should also be 
capable of bearing sudden changes of temperature without cracking. 

A sufficient number of these scorifiers having been selected for the 
assays to be made, 100 grains of the ore, ground to a fine powder, and 
carefully dried to expel moisture, are taken and intimately mixed with a 
certain quantity of granulated lead, and a small proportion of pounded 
borax — both being previously placed in the scorifiers, arranged in order 
on the assay tabic. The proportion of lead added varies in accordance 
with the greater or less refractory nature of the ore ; namely, from five 
to eight times the weight of the material operated on. In all cases, how- 
ever, it is advisable to add an excess of lead, as the slags are thereby 
rendered more liquid. 

The lead used should, if possible, be fi-ee from silver, but, in many 
cases, such lead cannot be obtained. It is consequently requisite to estimate 
beforehand the amount of silver present and make a corresponding 
deduction from the weights of the buttons afforded by assay. 

The scorifiers being charged with a due proportion of ore, lead, and 
flux, and the muffle brought to a full red heat, they are removed to the 
furnace, and as many introduced as there may be room for in the muffle. 
The introduction of the scorifiers at first considerably reduces the tempera- 
ture of the muffle, and, in consequence, pieces of charcoal may, with 
advantage, be placed in its mouth to assist in again raising the heat. 
The door of the muffle is now closed, and in a few minutes the lead 
enters into fusion. White vapours are seen rising from the assay, and 
the formation of litharge rapidly takes place. A.s the borax melts, and 
the quantity of litharge increases, the whole mass in tlie scorifier softens. 
With a further increase of temperature, it becomes liquid, and the lead 
collects in a large globule in the centre. Wlien the assay has become 
thoroughly heated, which generally occurs in ten or fifteen minutes from 
the commencement of the operation, the door of the muffle is removed, 
air enters in greater quantity, and oxidation of the lead proceeds more 
rapidly. 

As litharge accumulates, the slag, formed by its combination with 
siliceous and other matters contained in the ore, is increased in quantity, 
and gradually extends itself over the surface of the lead. The mouth of 
the muffle is now allowed to remain open for ten or fifteen minutes. It 
is then closed, and the temperature raised to bright redness for about five 
minutes, in order to render the slags as liquid as possible before pouring, 
and to facilitate the union of any disseminated globules of alloy. 

The scorifiers are now withdrawn from the muffle by proper tongs, and 
their contents rapidly poured into suitable moulds. When cold, tlie 
buttons of lead are separated from the adhering slags by a few blows with 
a hammer. The lead obtained should be soft and ductile. If it be at all 
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brittle, either an insufficient quantity has been used, or the scorification 
has not been carried sufficiently far to allow of complete fluxing of the 
impurities. When the operation has been successfully conducted, the 
buttons contain practically the whole of the precious metala present in 
the ore, and must be subsequently treated by cupellation. 

It is essential that the slags should be uniformly liquid at the time of 
pouring from the scorifier. If they be hard or contain pasty lumps, a 
portion of the mineral may be left unacted upon, and small metallic buttons 
may be enclosed in the lumps, or remain attached to the sides of the 
scorifier. If the slags should not appear perfectly liquid, when a suffi- 
ciently high temperature is maintained in the muffle, and the other con- 
ditions of the process have been attended to, it will be necessary to add 
more borax. In some cases it may be requisite to stir the slags with an 
iron rod, in order to divide the lumps which have been formed, and to 
incorporate them with the more liquid slags. 

This method of assay is applicable to all kinds of argentiferous and 
auriferous ores, without exception, when of moderate richness, and from 
its convenience and the short time required, it is frequently employed in 
establishments where a great number of assays have to be made daily. 
When, however, poor ores have to be examined, fusion in a crucible with 
litharge is preferable, since, by that method, a greater quantity of mineral 
can be operated on, and consequently more accurate results obtained. 

Assay of Silver Bullion. 

Fire Assay. — The assay of silver bullion, by the dry way, is conducted 
as follows : — First, a fair sample of the alloy to be operated on is accurately 
weighed in a delicate balance ; secondly, this weighed portion of the bar 
is cupelled with lead ; and, thirdly, the button of silver remaining on the 
cuj^l is weighed. The difference between the two weighings will repre- 
sent the amount of impurity which has been removed. The furnace 
employed for this purpose may either be of fire-clay bound with hoop- 
iron, or may be constructed of a wrought-iron shell lined with fire-tiles, 
as shown in figs. 175, 176 ; in either case, it must be provided with an 
arrangement for easily regulating the draught. 

In order to save trouble in computing results, special weights are 
generally used in bullion assaying. The largest, being the quantity 
usually taken for an assay, is called the assay pound ; while the smaller 
ones represent troy ounces, pennyweights, and half-penny weights, the 
latter being the lowest denomination to which silver bullion is reported. 
Thus, with an assay pound of 12 grains, the ounce, dwt., and half dwt., 
are represented by 1 grain, 0*05 grain, and 0*025 grain respectively. 
When metrical weights are used with assay pieces of one gramme,^ the 
weight of the result in milligrammes gives the millesimal fineness, or the 

^ When the alloy to be examined is over 800 fine, 1 gramme is generally employed ; 
if under 800, half a grammi; only is taken. 
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proportion of silver, in one thousand parts of the alloy, without further- 
calculation. 

In England the basis of silver bullion valuation is sterling or standard 
silver, as used for coinage, containing 11 ounces 2 dwts. of silver and 18 
dwts. of alloy in the troy pound, and assays are reported as better or 
worse than standard in dwts. per pound according to the excess or 
deficiency of alloy. The corresponding millesimal fineness is 925 silver 
and 75 alloy, and therefore 75 18 -= 4J per 1000, is equivalent to 1 

dwt. per lb. For instance, French or American coin of 900 silver and 
100 alloy, is 100 - 75 = 25 per 1000, or 6 dwts, ** worse,” and bars of 932 
fine are 75 — 68 = 7 per 1000, or IJ dwts. “better” than standard silver. 

In sampling an assay of silver bullion the first step to be taken is to 
flatten out the cuttings taken from the several bars. The edges of these 
are removed by the use of a })air of shears, and from each are prepared 
two representative assay pounds, which are carefully put aside with one- 
half the lead necessary for effecting their cupellation. 

The amount of lead necessary to be added to an alloy of silver and 
copper varies in accordance with the composition of the mixture to be 
treated, and should be greater in proportion as the quantity of copper 
becomes more considerable. In making this addition, it is necessary to 
bear in mind that the lead must be present in such quantity that the 
litharge formed may be enabled to dissolve the other oxides produced, 
and at the same time remain sufliciently liquid to be absorbed by the 
cupel. If the amount added be insufficient, the litharge formed becomes 
pasty, and speedily covers the surface, wdiile, if too large a quantity be 
employed, the assays remain a long time in the muffle, and an undue loss 
of silver by volatilization is experienced. 

English standard silver requires about six times its weight of lead for 
cupellation. The affinity exercised by silver for copper renders it neces- 
sary, in these operations, to add a larger amount of lead than would be 
required if pure copper were to be dealt with. 

The following table shows the amounts of lead necessary to effect the 
cupellation of various mixtures of silver and copper : — 


AmouQt of Silver. 

Amount of Cupper. 

Quantity of Tjca«l 

I equired for One Part 
of the Mixture. 

1000 

0 


1 

950 

50 


3 

900 

100 


7 

800 

200 


10 

700 

300 


1 

600 

400 


1 14 

500 

500' 


1 

400 

600 



800 

200 

700 

800 

- 

16-17 

100 

900 



Pure copper 

1000, 
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The lead employed should be as free as possible from silver, And the 
amount of that metal thus introduced into the assay must be deducted 
from the results obtained. The duplicate weighed portions of the several 
bars of bullion to be assayed must be wrapped in lead-foil, and arranged 
in the compartments of a divided tray, having nearly the dimensions 
of the bottom of the muffle in which the cupellations are made, so that 
the place of each may correspond with its position in the furnace. 

When the muffle has attained a uniform bright red heat, the cupels 
are introduced, and its mouth is closed for a short time, either by a door 
of fire-clay or by a large piece of charcoal, when the temperature of the fur- 
nace has been considerably lowered by the introduction of cold cupels. As 
soon as the latter are raised to the proper bright-red heat, one-half of the 
lead necessary for cupebatioii is introduced by the aid of suitable tongs, 
and, when it has become fused, the assays, wrapped in the other half of 
the lead required, are dropped into each cupel in the order in which they 
stand in the divided tray. When all have been arranged in their proper 
places, the assayer closes the mouth of the muffle for a short time, and 
shortly afterwards opens it to a greater or less degree, for the purpose of 
admitting a current of air, by which the starting of the cupellations is 
effected. When this takes place the metallic bath becomes uncovered, 
with the exception of some small patches of fused litharge, which move 
rapidly from the centre towards the edges of the cupel. As soon as the 
working is thus fairly begun, the draught must be adjusted by more or 
less completely closing the various openings in the furnace so as to main- 
tjiin a uniform temperature in all parts of the muffle. When all is work- 
ing satisfactorily but little fume should arise from the assays, and the 
litharge formed must be absorbed by the cupel as fast as it is produced. 
In this way the metallic globule goes on steadily diminishing in size 
until, after the expiration of about twenty minutes, the lead and baser 
jiietals have become oxidized and absorbed by the cupel, and the brighten- 
ing of the silver takes place. 

If the operation has been properly conducted, the going-off ” of the 
assays will commence with the first row, and successively pass back from 
row to row to the last. If, on the contrary, the working-off takes place 
irregularly, or commences at the far end of the muffle, it is an indication 
that the draught has not been skilfully regulated ; and in such cases the 
results obtained are usually less to be depended on than if the brighten- 
ing of the buttons had taken place regularly from the mouth of the 
muffle towards its further extremity. The several assays, as soon as they 
have gone off, are drawn to the mouth, and, after being allowed to cool 
slowly, are removed into a divided iron tray, in the order in which they 
were placed during the operation. 

When the buttons thus obtained are round on the top, or are only 
slightly depressed in the centre, and can be easily removed from the cupels, 
it is an evidence of the operation having been properly conducted. If, on 
the contrary, they adhere firmly to the cupels, or throw out projection^ near 

2 IT 
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the bottom, they are not perfectly fine. When they exhibit a flattened 
appearance, it is an indication that they have been cupelled with an 
insufficient amount of lead. 

The buttons, when cleaned in the manner described on page 586, are 
weighed in order to determine the diminution of weight on that of the 
assay pieces. The difference of weight does not, however, give the pro- 
portion of alloy directly, as there are always small losses of silver due to 
volatilization and abvsorption by the cupel. These are determined by 
placing in the niiiffie, with each batch of assays, one or more proofs or 
check assays of bullion of known composition, which invariably show 
some loss when their known fineness is compared with that apparent 
after cupellation. A quantity equal to this loss is added as a correction 
to the assays made at the same time ; as it is assumed that they will be 
all similarly affected. 

Other metals, besides lead and silver, when present, usually afford 
indications on the cupel from which it is easy to judge of their nature, 
and, roughly, also of the amount in wliich they exist in the bullion. 
Pure lead stains the cupel of a straw-yellow colour, sometimes verging 
on orange. Copper gives a grey or dark-brown tint, according to 
its quantity. Iron produces a black stain, which is chiefly formed 
shortly after the commencement of the operation, and gives rise to a 
dark ring around the sides of the cupel. Zinc leaves a yellowish stain, 
and produces, during the process of cupellation, a luminous white 
flame and abundant fumes of the same colour, which carry off with 
them a notable amount of silver. Tin produces a grey slag, and anti- 
mony leaves spongy yellow scoriae, which cause the circumference of 
the cupel to effloresce and to split off. The tw'o last-named metals 
render the cupellation of the mixtures in wdiich they exist difficult, and 
necessitate the employment of a large quantity of lead in order to carry 
off the infusible oxides formed. When assays of alloys containing silver 
have to be made by cupellation, it will be found convenient to keep in 
the laboratory a supply of lead-foil, ready w^eighed out into pieces of 
1 and 2 grammes, whilst poor sheet-lead is kept in pieces of from 1 up 
to 6 grammes. Instead of weighing the larger pieces, they may l)e pre- 
pared with sufficient accuracy by casting in small bullet-moulds. By this 
means, the amount of silver in the lead being previously known, it be- 
comes easy, by merely counting the number of pieces added, to know 
exactly wliat deduction is to be made at the termination of the cupella- 
tion for the silver in the lead. 

Volumetric Assay. — On account of the difficulty experienced in 
obtaining perfectly accurate results by cupellation, a Commission was 
appointed by the French Government in 1829 for the purpose of examin- 
ing the different processes then employed in the Parisian Mint for the 
assay of alloys containing gold and silver, and to rejwrt on any modifica- 
tions it might bo thought advantageous to introduce. 

Gay-Lussac, who was one of the Coniuiissiouers to whom this question 
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was submitted, proposed the adoption of the humid method of assay now 
generally employed, and published, in the name of the Commission, the 
details of the various necessary operations. 

This process consists in determining the standard of the alloy examined 
by means of a solution of chloride of sodium, of which the strength has 
beforehand been accurately determined. 

The solution of salt employed is so regulated that a decilitre is capable 
of exactly precipitating 1 gramme of pure silver. To determine the com- 
position of an alloy, 1 gramme may be dissolved in 5 or 6 grammes of 
nitric acid, and to tliis is carefully added the standard solution of common 
salt from an accurately graduated pipette until the introduction of a fresh 
quantity ceases to be accompanied by a deposit of silver chloride. Towards 
the end of the experiment, wlien the point of saturation has been nearly 
arrived at, care must be taken to well shake the bottle after the addition 
of each successive drop of the saline solution, as by this means the liquor 
is rendered clear through the precipitation of the chlorine formed. Wlien 
the whole of the silver has been thus thrown down, the number of divi- 
sions of the burette which have been employed in its precipitation are 
read off, and from the amount of chloride of sodium used the percentage 
of silver present is calculated. 

When an accurate assay has to be made of an alloy of which the 
composition is beforehand approximately known, as in the case of silver 
coin or silver plate, the process is considerably simplified, and at the 
same time affords results of the most exact description. For this purpose 
two distinct solutions of common salt are employed ; the first, or standard 
solution, is of such a strength that one decilitre will precipitate 1 gramme 
of pure silver ; the second, called the decimal solution, is ten times weaker 
than the first, and consequently contains in a litre of solution the amount 
of chloride necessary to effect the precipitation of 1 gramme of pure 
silver. 

The better to understand this process, let ns suppose that an alloy 
intended for the French coinage is to be examined, which, in order to be 
accepted, should contain 0*897 of silver. We will assume that the alloy 
in question contains only 0*896 of silver, and consequently that 1*116 
gramme of the mixture will correspond to 1 gramme of pure silver.^ 
This quantity of the alloy is cut off, and, after being accurately weighed, 
is placed in a bottle, capable of being closed by a glass stopper, where it 
is dissolved in from 5 to 6 grammes of pure nitric acid ; and, as soon as 
the solution has been effected, exactly 1 decilitre of the normal solution 
of salt is introduced. 

It is evident that if, as was first supposed, the alloy really contained 
0*896 of silver, the whole will be precipitated by the quantity of solution 
added, and that the supernatant liquor will contain no trace of chloride 
of sodium in excess. on the contrary, the proportion of silver is 

' When the amount of silver present is not known, a preliminary assay is first made 
by cupelhition, in order to aecertuin the appi'oximate finenesB. 
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greater than that assumed, there will still remain a portion of that metal 
in solution ; whilst, if it be less, the whole will have been completely 
precipitated, but the liquor will contain an excess of sodium chloride. 
To ascertain which of these results has been produced, the bottle is now 
carefully closed with its glass stopper, and briskly shaken, until the pre- 
cipitated chloride has subsided and the solution has become clear. 

AVhen this point has been attained, one c.c. of the decimal solution of 
common salt, capable of precipitating 0 001 gramme of silver, is intro- 
duced. If any silver remain in solution, the liquor now becomes cloudy, 
and after being again sliaken, another c.c. of the decimal solution is 
added. If, on the addition of this second c.c. of the solution, the liquor 
again becomes turbid, it is, after being well shaken, allowed to clear, and 
a third c.c. of the decimal solution poured in, and so on, until no further 
turbidity is produced on the addition of a fresh quantity of the decimal 
solution. If we suppose that five c.c. of the decimal solution, successively 
added, have produced a precipitate in the liquor, whilst the addition of 
the sixth has in no way affected its transparency, we may conclude that 
after the precipitation of 1 gramme of pure silver by the decilitre of the 
standard solution, the liquor still contained at least 0*004 gramme of 
silver. From the circumstance of the fifth c.c. of decimal solution having 
caused a turbidity, while the sixth produced no kind of effect on the 
solution, it is also evident that the liquor at most did not contain more 
than 0*005 gramme of silver; and therefore, in taking it at 4J thousandths 
we arrive at the result to within 0*0005 of the truth. The propor- 
tion of silver in the alloy examined will therefore be =r 900 

thousandths. When, on the contrary, a c.c. of the decimal solution gives 
no further precipitate in the solution of silver which has already received 
the decilitre of the standard liquid, it is evident that the silver in the 
alloy must be inferior to 0*896, and consequently the mixture is below 
the legal standard. If in this case its exact composition be required, 
recourse must be had to a standard solution of nitrate of silver, called 
the decimal solution of silver^ so adju.sted that one litre of the liquor may 
contain exactly 1 gramme of silver. 

To use this, a c.c. of the decimal silver solution is first dropped from 
a pipette into the bottle containing the assay, and removes the chlorine 
contained in the same volume of the decimal solution of common salt, 
which was added for the purpose of ascertaining whether the whole of 
the silver had been prcipitated. Tlie liquor is now brightened by agita- 
tion, and another c.c. of the silver solution added. If a turbidity is 
produced the bottle is again shaken, and a third c.a of the solution is 
.introduced after the chloride formed has been completely deposited. 
This is continued until an addition of the silver solution ceases to cause 
'8 precipitate in the solution to be assayed. If, in this case, the first five 
C.C. of the silver solution (without counting that used to neutralize the 
effect of the c.c. of decimal solution of common salt, first added to ascer- 
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tain if any silver remained in solution after the addition of the decilitre 
of standard solution, gave rise to the formation of a precipitate, and on 
the introduction of the sixth the liquor remained perfectly clear, it is 
probable that the fifth c.c. was not entirely decomposed. It is therefore 
customary to admit that c.c. of the silver solution have been suflS- 
cient to cflect the decomposition of the excess of chloride of sodium 
remaining in the liquid after the introduction of the decilitre of standard 
solution. 

It is consequently evident in this case, that it will be necessary to 
subtract 41 thousandths, and that the correct composition will be ex- 
pressed by ^ =: 892 thousandths.^ 

^ ^ M16 

In establishments where large numbers of assays of silver alloys 
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arc made daily, the apparatus is so arranged as to materially facilitate 
the performance of the various operations above described. In the French 
Mint, whore this method of assaying was first employed, the apparatus 
shown in figs. 201 ami 202 has been adopted. 

The standard solution of common salt is kept in a large vessel, V, 

* As chloride of silver is, to a cortaiii extent, soluble even in weak solutions of 
sodium chloride, it is, in piactice, usual, when the whole of the silver has been 
cipitated by the decilitre of normal solution, to add a given number of cubic centi- 
metres of the decimal silver solution, end subsequently to estimate the amount of 
silver present, in solution, by the use of the decimal solution of common salt. 
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made either of stoneware, or of sheet copper tinned on the inside. This 
reservoir, for the purpose of preventing evaporation, is covered by an 
immovable lid, provided with a tube, a, by which the air enters the 
chamber to supply the place of any portion of the solution that may 
be drawn off. This vessel, which is supported on a shelf fixed near the 
roof of the laboratory, is provided with a tube, c, d, bent at right 
angles at c, which admits of being closed by a silver stop-cock, t. The 
pipette, P, which contains exactly a decilitre of the liquid, is connected 
with the tube, c, rf, by the glass tube, dy e, which contains a tliermonietor 
accurately graduated. The silver connecter by which the tube, dy e, is 
fastened to the pipette, P, is provided with two stojvcocks, t' and fy of 
which the uses will be presently explained. In conducting an assay, the 
operator closes the extremity of the pipette with the forefinger of the 
left hand, fig. 202, and with the right opens the taps, t' and t"y the 
latter being opened first ; by the first of these the solution enters the 
pipette, whilst from the second the air escapes in proportion as it becomes 
filled by the solution of sodium chloride. When the pipette has become 
filled by the liquor to a little beyond the mark, ???, the cocks t' and t'' are 
closed, and the instrument remains charged with the solution. 

On the table immediately below this a])paratus is a sliding support, 
W, in which is secured by a ring of copper, C, the bottle, 1>, containing 
the solution, in nitric acid, of the alloy to be assayed, wliile in connection 
with it is a small stand, 8, on which is fastened a sponge, situated at 
the exact lieight of the beak, py of the pipette. The assjiycr now slides 
the plate, W, between the guides, (t, in such a way that tlie sponge may 
come in contact with the extremity of the j)ipette, and by carefully 
admitting air through an aperture in the tap, allows the liquid to 
descend until it exactly reaches the level of the line, w, marked on the 
glass by a scratch-diamond. The sponge removes the last drop of the 
solution, which would otherwise remain attaclied to the beak of the 
instrument, and in proportion as it becomes saturated with moisture, the 
liquid falls through the hollow support, into the cup-shaped receiver, K. 
The operator now draw’s the slide towards the right until it is stopped 
by a peg w’liicli arrests it when the neck of the bottle is immediately 
under tlie extremity of the pipette, and by admitting air through tin* 
cock, f", he allows the solution to flow into it. The last drop of tlie 
liquor invariably remains attached to the burette ; but, as the instrument 
is gauged with due attention to this circumstance, its addition is un- 
necessary, and would vitiate the result. As in most instances several 
assays are being made at tlie same time, the weighed quantities of 
alloy are commonly dissolved in numbered bottles, which are arranged 
in a metallic frame somewhat similar to a crinjt-staiid, and which, 
after the introduction of the acid, may be placed in a water-bath or 
on a sand-bath for the purpose of facilitating their solution. 

When the various samples have become completely dissolved, the 
nitrous fumes are removed from the bottles by slightly blowing into 
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each, with bellows, through a glass tube, and a decilitre of the standard 
solution is introduced into each by the method already described. The 
bottles are subsequently placed in a metallic case, C, fig. 203, made with 
a cover to keep the stoppers in their places, which, besides being pro- 
vided with compartments for each bottle, is suspended from the extremity 
of a steel spring, a, 6, and is steadied from below by the elastic spiral, 
Cf d. These bottles, after being carefully closed by their stoppers and 
fastened in their several compartments, are well shaken by an assistant, 
who takes hold of the handle, e, /, and briskly 
agitates the apparatus during several minutes. As 
soon as the liquors have in this way been rendered 
sufficiently clear, the bottles are removed from the 
frame, C, to a blackened table, fitted up with divi- 
sions numbered to correspond with the numbers 
on the bottles, care being taken that each assay be 
placed in the compartment to which it belongs. 

The decimal solution, which is contained in a phial 
having a pipette passing through its cork, is now 
employed for the purpose of determining the exact 
amount of silver in the various assays. This pipette 
is so marked, by a line on its surface, as to allow 
the operator to exactly measure out one c.c. of the 
liquid it contains. To do this the point of the fore- 203 

linger is applied to the upper extremity of the tube, 
which, whilst thus closed, is raised above the surface of the liquid in the 
bottle, and is allowed to drop, by the careful admission of air, until the 
liquid has fallen to the level of the line marked on its surface. The 
opening is now closely stopped, and the c.c. of fluid is transferred to the 
first bottle of the series, into which it is permitted to flow on removing 
the finger from the upper extremity of the pipette. 

The same quantity of solution is afterwards successively added to 
each of the other assays. The assayer now examines each bottle in 
succession, and makes a mark with chalk on the blackened table before 
those in which a precipitate has taken place. Tliese are a second time 
transferred to the shaking apparatus, in which they are briskly agitated 
until the liquids have again become clear, when they are taken back to 
their respective places on the blackened table, and another c.c. of decimal 
solution is added to each in which a precipitate was obtained by the last 
operation. l>y degrees the several bottles in which no precipitate has 
taken place are thus eliminated, and on counting the number of marks 
set before them the number of c.c. of the decimal solution which has 
been added to each assay is readily ascertained. From this number must 
be deducted half a c.c., as only a portion of the last addition may be sup- 
posed to have suffered decomposition. 

The standard solution of sodium chloride employed is prepared at 
15° C.; but as this, in common with all liquids, expands and contracts in 
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accordance with the temperature to which it is exposed, it was formerly 
customary to construct a table of corrections, to be employed in cases 
when the liquid is used at temperatures either above or below this point. 
For this purpose the thermometers in the tube, tf, e, was consulted, and 
the correction read off from tables prepared for that purpose. It is now 
generally preferred to make use of the following method, by which all 
error arising from any alteration in the solution is guarded against. 
With this object the assayer makes experiments daily on 1 gramme 
of pure silver, at the same time that he is conducting his regular 
assays of the usual alloys, and from the result obtained by these checks 
he is enabled to correct for any small irregularity in the temperature 
or constitution of the solution employed. 

The standard solution of sodium chloride is made from common salt, 
without any preliminary purification, and is usually prepared in consider- 
able quantities at a time. For this purpose 1 kilogramme of common 
salt may he dissolved in eight litres of water. The liquid is filtered, 
and the amount of water that would be necessary to make a solution of 
the requisite strength, supposing the chloride to be pure, is added. By 
this means a solution roughly approximating only to the composition of 
the normal liquor is obtained, of which the exact standard must be ascer- 
tained by adding a decilitre to a solution of 1 gramme of pure silver in 
nitric acid. The liquid is clarified by agitation, and by the addition of 
successive c.c. of the decimal solution, either of nitrate of silver or of 
sodium chloride, the exact amount of silver or of sodium chloride, as the 
case may be, remaining free after the addition of a decilitre of the solu- 
tion, is ascertained. 

When this is known it becomes easy to calculate the quantity of water 
or of sodium chloride which must be added in order to arrive at a correct 
standard ; and when this addition has been made, experiments of a similar 
description are repeated, until satisfactory results are obtained. The 
decimal solution of sodium chloride is readily prepared by pouring a 
decilitre of the standard solution into a bottle of the exact capacity of a 
litre, and afterwards filling it with distilled water. 

To prepare the decimal solution of silver, 1 gramme of pure silver is 
dissolved in nitric acid, to wliich distilled water is afterwards added until 
an exact litre of the liquid is obtained. 

When the alloy operated on contains mercury, the results by humid 
assay are no longer exact, as this metal, being precipitated at the same 
time as the silver, decomposes a portion of the standard solution, by 
which the experiment becomes vitiated. The presence of mercury in 
the alloy examined is detected by exposing the bottles containing the 
precipitated silver chloride to the action of light, since the presence of 
a very minute trace of mercury prevents the usual darkening of that 
salt. The assay of alloys containing mercury may, however, be made by 
the humid process, if a solution of acetate of sodium be added to the 
solution of silver previously to the introduction of the standard solution 
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of sodium chloride, as this reagent has the property of preventing the 
precipitation of mercurous chloride. 

In the Indian Mints a humid method of assay is used in which the 
silver precipitated from solution by hydrochloric acid is washed, decanted 
into a porcelain capsule, dried at 200® C., and weighed as chloride. 


METALLURGY OF SILVER. 

The greater part of the silver production of the world is, as has been 
previously stated, derived from ores containing only a very small propor- 
tion of that metal. In most of the larger mining districts, ores con- 
sidered as first class rarely yield above 1 per cent, of silver, or 320 
ounces per ton, and the bulk of the produce is considerably poorer. It 
will therefore be readily understood that the reduction of silver from the 
ore by a single operation is only possible in very exceptional cases, and 
that, as a rule, methods of gradual concentration must be adopted leading 
to the production of a small bulk of some highly argentiferous compound 
or alloy from which the silver may be finally extracted. 

The substances in which silver is generally collected are the follow- 
ing 

1. Metallic sulphides, particularly those of iron and copper ; the 
spnrateia or argentiferous ^ne metal of the Mansfeld process (page 439) 
is an example. 

2. Metallic lead, producing the silver-lead of the ordinary lead-smelt- 
ing processes. 

3. [Metallic mercury, producing amalgams of silver and other metals. 

The methods adopted for the treatment of these enriched products 

constituting the characteristic operations of silver metallurgy proper 
are : — 

For lead. Refining on the test or marl bottom as described under 
lead smelting. 

For amalgam. Distillation or retorting, which is one of the subsidiary 
operations of the amalgamation process. 

For argentiferous regulus. The production of some soluble salt of 
silver, which is removed by an appropriate solvent and reduced by 
cementation with copper, the series of operations being known as liquid 
extraction or leaching processes. 

In the choice of a method for treating silver ores many points have 
to be considered, as the character and resources of the locality may often 
influence the selection as much as, or more than, the nature and composi- 
tion of the minerals. Fusion witli lead is probably the best method, as 
giving the least loss of precious metals ; but it necessitates the command 
of fuel and fluxes, as well as of lead ores, in some quantity. Argentiferous 
copper ores are more difficult to work than similar ores of lead ; they are 
best treated by fusion up to the production of a concentrated regulus, and 
then by liquid extraction ; but the latter processes involve rather delicate 
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manipulation, and for successful working well arranged plant and abun- 
dant fuel and ores for mixing are necessary. Pure or moderately rich 
dry ores, without either copper or lead in notable proportion, may be best 
treated by amalgamation, which requires only a minimum of fuel and 
comparatively small quantities of accessory materials, the latter being 
principally salt and mercury ; while the mechanical appliances need only 
be of the simplest possible character. These advantages more than 
counterbalance the waste of the most expensive reagent employed, 
namely, mercury, and the loss of silver by imperfect extraction, which, 
generally speaking, is larger than in smelting, and sufficiently account for 
the circumstance that very much more silver is produced by amalgama- 
tion than by any other method of reduction. 

Smelting Silver Ores. 

The various processes described for smelting lead ores are applicable 
to those of silver. When, however, the extraction of silver is the chief 
object in view, some form of blast-furnace is often employed, although 
the flowing furnace, used for the treatment of refractory ores, is also 
well adapted for the puqwse. In all such cases the pnxluct first 
obtained is argentiferous lead, which may be either concentrated before 
refining, or passed directly to the test Where silver ores have to bo 
worked in a district in which fuel is moderately abundant, but ores of 
lead are obtained with difficulty, it will generally be found advantageous 
to refine the argentiferous alloy without preliminary concentration, and 
to emjdoy the resulting litharge, fume, &c., continuously in smelting 
fresh quantities of argentiferous material. 

When silver is found associated with large quantities of pyrites or 
metallic sulphides, other than galena, the ores are frecjuently fused for a 
coarse matte previous to fusion with litharge or other plunibiferous mate- 
rial. The matte thus obtained is then either roasted and subsequently 
smelted with some material capable of afTording lead, or is first concen- 
trated by a second fusion, followed by anotlier roasting. Nearly the 
whole of the silver originally present in the ores treated will thus be 
concentrated in the mattes in a form convenient for subsequent metal- 
lurgical treatment. 

The presence of gold in an ore of silver in no way modifies its treat- 
ment, since both metals invariably pass into the lead, and arc ultimately 
separated, after refining on the test, by tlic process of “ parting.** 

Smelting Native Silver. — At Kongsl^erg, in Norway, about 80,000 
ounces of silver are produced annually Irom ores that consist chiefly of 
native silver with some silver glance, and small quantities of copper- 
pyrites, galena, and blende in a matrix of calcite and quartz. Tiiese are 
divided into hand-picked and dressed ores which are treated separately. 
The first and most important class, consisting of lumps of mineral, often 
assaying up to 90 per cent, of silver, is melted in a small reverberatory 
furnace with an addition of lead and wrought-iron nails for decomposing 
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the sulphide of silver, and produces highly argentiferous lead which is 
refined to pure silver in the same operation, while the dross and skim- 
mings removed from the surface are added to the furnace charges in 
smelting the dressed ores, which are divided into richer and poorer 
classes, the first with about 300 ounces, and the second with 10 ounces 
of silver per ton. The poorer ores, mixed with flue-dust and other 
residues, tap-cinder and iron pyrites, are concentrated by fusion in a blast- 
furnace 14 J feet high, to a coarse metal containing about 100 ounces 
j)er ton, which is burnt in heaps four times, and concentrated by fusion 
with the richer dressed ores, flue stuff, &c. This enriched regulus is 
desilverized by running it into a hath of melted lead in the fore-hearth of 
the furnace, where the silver is reduced from sulphide and dissolves in the 
excess of lead, with the production of an equivalent of lead regulus or 
Bleistein. This process, known as soaJcingy is repeated twice with the 
same lead, which takes up about 10 per cent, of silver before it is sent to 
the refinery. Tlie lead regulus, like the similar product of the Harz iron- 
reduction process (j). 609), is subjected to alternate roasting and fusion 
until it is deprived of its lead and silver and becomes copper regulus. 
When a quantity of about 10 tons of the latter substance has accumulated, 
it is smelted for blister copper and refined. The refined copper, contain- 
ing from 1 to 1:J^ per cent, of silver, is sold to a refinery to be used 
ill precipitating silver. About 30,000 ounces of silver are obtained 
annually from the poorer ores by the treatment described above. 

Rich dry ores, with 1,000 ounces of silver per ton and upwards, are 
soinetiraes treated by a soaking process, known as working on the test, in 
the following manner. When the production of litharge begins in the 
refinery the bla^t is stopped and the ore is spread over the surface of 
the melted lead, where it is slowdy decomposed, and the reduced silver 
is absorbed by the lead in the same manner as in scorification in the 
muffle. Sulphur, antimony, and arsenic are oxidized and volatilized in 
part, the remainder forming with the earthy matters of the ore and some 
litharge a pasty mass, 'which is skimmed from the surface. This dross 
contains a notable quantity of silver and is worked with poorer ores in 
a blast- or flowing-furnace. The addition of ore continues until the lead 
is enriched to 4000 ounces, when it is tapped and refined on a clean test. 

Treatment of Silver Ores by Amalgamation. 

The amalgamation of silver ores is conducted in various ways, the 
following being the most important ; Firstly, the Mexican process of 
amalgamation in heaps ; secondly, the hajrel j)roces8y formerly employed 
at Freiberg in Saxony, at Constante in Spain, in the State of Nevada, 
and elsewhere ; thirdly, the Washoe process^ by which uuroasted ores are 
amalgamated in iron pans. 

Mexican or Patio Process. — This method of extracting silver from 
its ores by the use of mercury and common salt, without the assistance of 
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artificial heat, was discovered in the year 1557 by Bartolome Medina, a 
native of the town of Pachuca, in Mexico, and has been uninterruptedly 
employed from that period up to the present time, without having under- 
gone any material modification. 

The silver in the ores operated on chiefly exists either in the metallic 
state, or combined with sulphur, chlorine, iodine, or bromine. The arsenic 
and antimony contained in ruby- and brittle-silver ores not only render 
their treatment difficult and expensive, but also materially augment the 
loss of both silver and mercury. When sufficiently rich, such ores are 
often set aside for treatment by smelting, but they are generally so dis- 
seminated throughout the veinstone, and so intimately mixed with it, as 
not to admit of separation by any system of hand-picking. The gangue 
in which they are contained consists principally of quartz, more or less 
associated with pyrites or with iron oxide, and, in addition to small quan- 
tities of other minerals, often contains from 5 to 10 per cent, of calcite 
or dolomite. Near the surface such veins are much decomposed, and the 
ores then present the appearance of a friable ferruginous quartz, in which 
a large proportion of the silver occurs either in tlie native state or as 
chloride. 

The ores treated by this process are not ordinarily subjected to 
mechanical preparation, as not only are they unsuited for such treatment, 
but the supply of water in the districts in which they occur is, in most 
cases, so limited as to render washing opemtions on an extensive scale 
impossible. 

Although the loss of silver by the system of amalgamation is 

large, and much time is expended on the various operations, it nevertheless 
possesses advantages over all others, in the arid barren districts in which 
it is carried on, inasmuch as it requires only a little fuel, and no great 
amount of water. The principal materials necessary are salt, cupriferous 
pyrites, and mercury. 

Rough Stamping , — The ores to be treated by patio amalgamation are 
first crushed dry in a violino or stamping-mill, and subsecpiently ground 
with water in the arrastra (or arrastrc) until rodu(‘ed to the necessary 
state of fine division. The stamjhng-mill generally consists, in Mexico, 
of a series of wooden lifters or stems, shod with iron, and set in motion 
by cams arranged round an axle, worked either by a winter- wheel or by 
a vertical shaft, carrying a beam, to which is harnessed a team of four 
mules. The vertical shaft is provided with a largo wooden wheel, which 
communicates its motion to anotlier, fixed on the cam-shaft of the mill. 
Ore is supplied in pieces of the size of the fist, whicli, when sufficiently 
reduced in size, fall through sieves or screens, made either of metal or of 
raw hide perforated with numerous round holes, and fixed in an inclined 
position before each battery. The particles of ore which pass through 
these holes are removed for fine grinding in the arrastra, while the coarser 
portions continue to be acted upon by the pestles, until sufficiently nj- 
duced in size to admit of their passing through the screens. When 
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animal power is employed these mills are worked by relays of mules, 
driven at a rapid rate, and frequently replaced by fresh teams. 

Fine Grinding . — The aircLstra, or tahona^ consists of a circular pave- 
ment of stone, which may be about 12 feet in diameter, on which the 
ore is ground by two or more stone mullers dragged continually over its 
surface by mules harnessed to a horizontal arm. Around this circular 
pavement of hard stone is a kerbing, either of flat stones or of wood, 
forming a kind of tub, about 2 feet in depth, in the centre of which a 
piece of hard wood is firmly fitted between the blocks composing the 
flooring. Working on an iron pivot, in a step let into this central post, 
is an upriglit wooden shaft, secured at its upper extremity to a horizontal 
beam by another journal. This is crossed at right angles by two bars 
forming four arms, one of which is sufficiently long to admit of two mules 
being liarnessed to it abreast. The voladoras^ or mullers, are generally 
made either of porphyry or of granite, although basalt is also employed 
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Tig. 204 — Arrastra ; partly in section. 

for this purpose, and have a length of somewhat less than the radius of 
the arrastra, with a thickness of about 16 inches. In each of these are 
bored two holes, into which wooden pegs are driven for attaching the 
chains, or thongs of ra’s^-hide, by which they are connected with the arms 
traversing the central shaft. These mullers are so hung that their edges, 
in the direction of their motion, are raised nearly an inch above the sur- 
face of the stone pavement, while the other side trails lieavily upon it. 
A sectional view' of a Mexican arrastra is given in fig, 204, in which A 
is tlie upright shaft, B, arms to which the mullers, C (of which only one 
is shown), are attached, and D the central block of wood in which the 
lower bearing works. 

At Guanaxuato, where the ores in addition to silver contain gold, 
and are more finely ground than in other districts of Mexico, from 
6 to 11 quintals^ of granza^ or coarse sand from the stamping-mills, 
^ The Mexican quintal = 100 Ibi. avoirdupois, nearly. 
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are chared into the arrastra with one barrel, or about 10 gallons, of 
water, at four o’clock in the morning ; at nine o’clock a second barrel 
is poured in, and a third at twelve ; at tliree o’clock three barrels, 
and at four, five barrels, of water, are added. At the expiration of 
twenty-four hours, when the grinding has been completed, the lama^ or 
argentiferous mud, is baled out into barrels, in which it is removed to 
reservoirs of masonry, where a portion of the water is evaporated by 
exposure to the sun and air, and the mass is ultimately left in a condi- 
tion fit for treatment in the patio. In some establishments, instead of the 
lama being taken away in barrels it is baled into wooden spouts, by 
which it is conducted to proper receptacles; while in others it is 
tapped from a plug-hole at the bottom of each arrastra directly into pro- 
perly arranged spouts. The mules by which the machines are driven 
are changed after working six hours, and the arrastras are generally 
arranged in rows in long sheds called f/alfTOs, At Zacatecas, where the 
ores contain no gold, the grinding is not so long continued, and the 
lama is removed in a less finely divided state. In this district each 
arrastra grinds 10 quintals in the course of thirteen hours, but the 
lama is much coarser than at Guanaxuato, and the results obtained less 
satisfactory. 

Where, as at Guanaxuato, the ores contain, in addition to silver, 
small quantities of gold, the arrastra is kept constantly charged either 
with a certain amount of mercury or with an amalgam of silver or 
copper. By this means the gold becomes concentrated in the amalgam, 
and highly profitable results are sometimes realized. In such cases, care 
must be taken, in removing the lama daily obtained, not to disturb the 
amalgam in the bottom of the arrastras, which is collected at periods of 
from three to six months, and, after being strained and retorted, is melted 
into bars which are subsequently subjected to parting. 

The yield of gold by this method is considerably less than the total 
amount contained in the ores, the loss experienced generally varying 
from 25 to 40 per cent, on the assay produce. A loss of mercury also 
takes place during the process, which is apparently caused by the decom- 
position of sulphide of silver with the formation of a proportionate 
amount of sulphide of mercury. The loss of this metal is usually found 
to represent very closely the weight of silver taken up by the amalgam 
during the progress of the operation. 

The Patio , — This is a large courtyard, paved with stone, the joints 
between which are carefully cemented in order to prevent loss of 
mercury. A slight inclination is given to the surface of the floor, in 
order that any water that may fall ui)on it may readily flow away. The 
ground ores are, as before stated, taken from the tahonas to walled 
receivers (lameros), in which they become partially dried, and where 
they are allowed to accumulate until there is a sufficient quantity to 
form a heap, or torta, which, at Guanaxuato, consists of 60 montones^ 
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about 96 tons.i When the necessary amount of lama has been thus 
collected it is taken to a circular area on the patio, from 30 to 50 feet in 
diameter, according to the weight of ore operated on, surrounded either 
by a low wall of stone or by a border of planks made tight by filling all 
the crevices with clay or mule dung. Into this the lama is introduced 
until it forms a stratum of about a foot in thickness, and is allowed 
to remain until, by the evaporation of the water, it has assumed the 
consistence of a moderately thin mud. As soon as this condition has 
been reached, the amalgamator j)roceeds to add from 3 to 5 per cent, of 
salt, and when this has been done the torta receives the first treading 
{repaso), after which it is allowed to stand until the following day. A 
larger amount of salt would, in many cases, expedite the working of the 
torta, but on account of its high price this is seldom added. 

In addition to common salt, imported from the coast, a large quantity 
of impure sodium chloride, obtained from various lagunes, was formerly 
employed, but the cost of transporting considerable amounts of such an 
impure material, added to the great increase in bulk of the tortas, has 
caused its use, in a crude state, to be almost entirely abandoned. This 
salt is now concentrated and purified by lixiviation and evaporation before 
being carried to the mines. 

The day after salt has been mixed with the ore, the addition of mer- 
cury and viwjistral takes place. Magistral is prepared by slowly roasting, 
in a reverberatory furnace, copper pyrites containing a considerable 
admixture of iron pyrites, to which a small quantity of common salt 
has been added. By this process, the minerals present in the raw 
ore become oxidized with the formation of cupric and ferrous sulphates, 
together with a .small proportion of chlorides. The cupric sulphate 
varies in amount from 20 to 40 per cent, of the wdiole, and is the chief 
agent in the reduction of the ores, although the iron salts, which are 
present in amounts varying from 6 to 12 per cent., also exercise a beneficial 
influence on the results. 

Before the addition of magistral, the torta, if necessary, brought to 
a proper consistence by the addition of Avater, and the roasted sulphides 
are then thrown evenly over its surface with wooden shovels. The pro- 
portion of this reagent added is varied in accordance with the amount 
of cupric sulphate it contains ;*but in the generality of cases, when magis- 
tral of average strength is employed, something less than 1 per cent, is 
sufficient. 

As soon as the magistral has been spread over the surface of the 
torta, it is again trodden by mules for about an hour, when the mercury 
necessary for the completion of the operation is added. Formerly, this 

> The weight of the xnonton variei in different localities — 

In Ouanaxuato a monton usually contains . . 32 quintals 

„ Real del Monte, Paohuca, and Tasco . . 30 ., 

„ Zacatecas and ^mbrerete 20 ,, 

„ Fresiiillo 13 ,, 

,, Bolaftos 15 ,, 
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addition was made at various periods during the progress of the operation, 
but it is now more usual to add all the mercury immediately after the 
introduction of magistral This is done by straining it through a piece 
of canvas, by which its particles are divided into minute globules, the 
quantity added being from 3^ to 4 lbs. for each mark,^ or from seven 
to eight times tlie weight, of silver supposed to be contained in the heap. 
After the addition of mercury the torta is again trodden, to eflfect its 
intimate mixture throughout the mass. 

When magistral and mercury have been added to a torta, and it has 
received its first treading, chemical action commences, and the amalga- 
mator closely watches its operations by means of samples taken from all 
parts of the heap. To make an assay or teniadura, a fair sample of about 
8 ounces of the ore is washed with water in a small bowl (jicara)^ and 
from the results obtained the azoguero (amalgamator) is enabled to judge 
of the progress of the operation. Shortly after the first treating of the 
torta samples are taken, and a tentadura is made, and, after washing off 
the earthy and lighter particles, the remaining or metallic sul- 

phides and mercury, are carefully examined. At this stage the mercury 
contains but little silver, and its colour and state of division afford the 
only indications of the working of the torta. Should it bo found divided 
into small globules, or its natural colour be but sliglitly changed, it 
indicates that the amount of magistral added is not sufiTicient. If, on 
the contrary, the mercury has acquired a deep grey or leaden hue, the 
quantity of magistral is too large, and the torta is said to be /iof, in which 
case the addition of a small quantity of lime may be necessary in order 
to avoid undue loss of quicksilver. When the heap is in good working 
order, the surface of the mercury presents a light-grey ajjpearance, and 
the aspect of the tentadura, taken the day after treading, will have 
considerably changed. If now pressed by the thumb against the side 
of the bowl, the mercury will be found to contain silver amalgam, and 
what on the previous day was broken-up quicksilver {(hsecho)^ has 
become limadura de ylata^ of a whitish colour and in the form of thin 
scales. Three tentaduras are made daily on each torta : one in the 
morning before commencing to tread, another after it has been trodden 
for some time, and a third when the repaso has been completed. The 
samples selected for tliis purpose must be taken from the middle of the 
heap, as well as from the surface, since the top, from being exposed to 
the action of the air and sun, is always in a more advanced condition 
than the interior. The treading, which must be repeated daily, or as 
often as tentaduras indicate a necessity for doing so, has the effect of 
stimulating the action of the magistral. When chemical action has 
almost ceased, and nearly the whole of the silver which the process is 
capable of extracting has been taken up by mercury, the limadura be- 
comes “ weak,” and on being rubbed by the thumb shows but little solid 
amalgam. As soon as it is found to be free from amalgam, and unites 
^ Mark ^ 3,550*5 grains. 
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in globules at the bottom of the jicara, the operation is considered 
finished, and the torta is said to be rendido. For many years, however, 
amalgamators have not entirely relied on the results obtained by wash- 
ing, but have also been assisted by fire assays made on average samples 
taken from each torta ; in this way its content of silver is more exactly 
ascertained. Another weighed sample is washed in the jicara, and the 
mercury and amalgam carefully collected ; the assays of these afford data 
for calculating the proportion of silver which still remains unacted upon 
in the ores. The treading is performed by mules, which are blindfolded 
and tied together four abreast. One mule for every two montones 
of ore is, at Guanaxuato, required for the effectual treading of a heap. 
A driver, who stands in the centre of the torta, guides the animals with 
a long halter, causing them first to tread at the outer edge, and gradually 
diminishing the radius of the circle described. The time necessary 
for working a torta varies from fifteen to forty-five days, according to 
circumstances. When the working of a heap has been completed, a 
quantity of fresh mercury, called a hano, is sometimes added, but this 
practice is not universal. 

Washing . — At Guanaxuato the washing apparatus (Javadero) con- 
sists of three circular tanks built closely together within an outer 
circle; these are constructed of stone slabs with carefully cemented 
joints. The depth of each tank is 5 feet 4 inches, and its diameter 
9 feet 6 inches ; they communicate with one another by openings, of 
which one is at a height of 8 inches and the other at a distance of 30 
inches from the bottom. The last tank is provided with two separate 
discharge holes ; the first 6 inches from the bottom, and the other, 
which is used only for cleaning-up, is situated close to it. 

In the centre of each tank is an upright shaft carrying agitating 
arms ; the whole being set in motion by a shaft provided with a spur- 
wheel working in pinions on the shafts of the different washing-vats. 
The shaft carrying the spur-wheel passes through an upper flooring, 
where motion is communicated to it by a team of mules attached to an 
arm let into it at right angles ; the pinions of the agitators in the second 
and third tanks are a little larger than that working the stirrer in the 
first, and their motion is consequently somewhat slower. The first tank 
into which the metalliferous mud from the torta is charged is called the 
fina cargadora, whilst the third, from which it runs off, after passing 
through the second, is called the dcscargadom. Before being washed, 
the torta is divided into several parcels, each of which is softened by 
treading and the addition of water, and then taken to the washing-house 
in hateas, dusted on the inside with dried mule dung to prevent adherence. 
About three montones of lama are gradually introduced into the first 
tank, water being at the same time run in, and the machinery is made to 
revolve rapidly, by driving the mules at a gallop. When the whole of 
the lama has been introduced, the speed of the agitator is gradually 
slackened, until the mules move only at a gentle walk, and samples of 
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the slime are, from time to time, taken out and washed, in order to 
ascertain if it still retains an appreciable amount of mercury. When 
samples taken from the tinas afford only minute traces of metal, the plug 
furthest from the bottom of the descargadora is removed, and, as soon as 
the slimes have run off, they are replaced, and the operation is continued 
until the whole of the torta has been washed. The bottom plug is then 
removed with suitable precautions, and the whole of the mercury and 
amalgam are discharged and carefully collected. 

At Guanaxuato, the heavier constituents of the torta, which remain 
with the amalgam at the bottom of the tinas, are separated from the latter 
by washing in bateas, and the resulting relaves are subsequently re-ground 
in arrastras. By this treatment they are made to yield a certain amount 
of auriferous amalgam, but they are not always again subjected to patio 
amalgamation. In this district tlie slimes from the lavadero are now 
sometimes concentrated by the round buddle. 

At Zacatecas and Frosnillo the washing is conducted in a single cir- 
cular cistern, and as soon as the azoguero considers that a torta is ready 
lie adds to it about 80 per cent, of the amount of mercury it already 
contains. At Guanaxuato the lama is taken direct to the lavadero 
without any further addition of quicksilver. The speed of the agitator 
is greater than in cases where three tinas are employed, and about two 
and a half montone.'j of lama are passed through each cistern in the 
course of an hour. A considerable loss of amalgam is the result of this 
system of washing, and in order to recover it, the heavy resiilues collected 
in a cistern beneath the discharge-orifice of the tina are re-washed on 
a planilla, or washing-table. The concentrates from the washing, when 
sufficiently ricli, after being previously roasted in a reverberatory furnace, 
are re-ground in an arrastra, and a second time treated by amalgamation 
in the patio. In certain districts, and particularly in those situated 
nearest to the city of Mexico, the washing of tho tortas is conducted in 
a wooden tank, of which one end is pierced with numerous holes at 
different heights, which admit of being closed by plugs })rovided for that 
purpose. At the opposite end a stream is admitted, and as soon as tlie 
cistern has become nearly filled with water tho lama to be waslied is 
thrown in and briskly stirred with shovels ; when tho ore is thus well 
incorporated with water the plugs arc successively removed, beginning 
with the upper one. The lighter earthy matters are in this way first 
drawn off, and afterwards the heavier metallic sulphides, until the amal- 
gam, in a tolerably pure state, reriains in the bottom. After escaping 
from the tank, the slimes are conducted through riffle-boxes for a distance 
of from 70 to 80 feet, in which a considerable portion of the suspended 
amalgam and mercury is retained. 

Filtration of Amalgam . — The amalgam obtained is first purified from 
adhering particles of mineral, and then filtered through a cone-shaped 
bag (inanga\ of which tho upper portion is cased with leather, while the 
lower part consists of stout canvas only. This is hung, point downwards, 
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from a strong beam, and the mixture of mercury and amalgam introduced. 
The former gradually passes through the meshes of the canvas, and is 
collected in a vessel placed beneath for that purpose. The amalgam 
remaining in the manga contains mercury to the extent of from four to 
five and a half times the weight of silver present, and has a granular and 
plastic consistency, which readily admits of its being moulded into bricks. 
As soon as mercury has ceased to drop from the point, the manga is 
emptied on a table covered with leather, and the amalgam is beaten into 
bricks (hollos), from 3 to 4 inches in thickness, and so shaped, that when 
six of them are placed together they form a circular cake, having a hole 
in the centre for the escape of mercurial vapours, during the subsequent 
process of distillation. 

Retorting , — The se])aration of mercury from the silver is effected by 
distillation under a large cast-iron bell placed over the amalgam, and 
around which is lighted a charcoal fire. A circular casting, through 
which a current of cold water constantly circulates, is let into the floor of 
tlie retorting house, and on this is placed an iron support, on which the 
bricks of amalgam are arranged. When thus prepared the bell (capellina) 
is lowered over it, aiiil the bottom carefully secured by a luting of clay. 
Unburiit bricks (adobes) are now built around it in the form of a hollow 
wall, so as to enclose an annular fire-place, 8 inches in width, outride 
the ca])ellina ; this is filled with ignited charcoal, and in proportion 
as the mercury becomes volatilized, it is condensed by the action of the 
cold water, and escai)es through an iron pipe into a receptacle prepared 
for that ])urposo. Instead of the wall of adobes an iron cage is some- 
times placed around the bell, for the purpose of retaining the charcoal. 
The resulting silver (pJata pind) has a porous frosted appearance. The 
spongy silver thus obtained is fuvsed and cast into bars in the ordinary 
>vay, and is generally above 990 fine. 

Results ohfamed, tjr. — Tlie loss of silver experienced in patio amal- 
gamation is always considerable, but varies in accordance with the nature 
of the ores and tlie amount of skill brought to bear upon their treatment. 
At Guanaxuato the average loss on docile ore is from 9 to 14 per cent, 
on the assay jiroduce. At Fresnillo the deficit is often 28 per cent., whilst 
according to Duport, the loss at Zacatecas, where the ores contain a large 
proportion of antimonial sulphides, was, at the time he wrote (1843), from 
35 to 40 per cent, of the yield indicated by assay. The loss of silver in 
patio amalgamation at Real del Monte (1864-65), as furnished by Mr. 
Buchan, was only 9 per cent. 

The loss of mercury experienced at the same period in the latter 
establishment was 1 1 ounces per mark of silver ; but this may bo taken 
as an unusually favourable result, and the average may probably be esti- 
mated at from 12 to 16 ounces per mark of silver extracted. 

The cost of patio amalgamation varies in different localities ; at the 
Hacienda Nueva, belonging to the Fresnillo Company, the cost of 
treating 2,000 lbs. (1840-41) was $20*74, while at the Ophir Company's 
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works, Nevada (18(54), the cost of working the same weight of ore was 
$23 25. 

The chemical reactions wliich take place during the progress of patio 
amalgamation are of a complicated nature, and the whole of them are not 
yet thoroughly understood. The ore contains a mixture of native silver, 
chloride of silver, and various sulphides, &c., containing silver. Common 
salt is decomposed by cupric sulphate in the magistral, giving rise to 
sodium sulphate and copper and iron chlorides. Cupric chloride in its 
turn reacts on silver sulphide with the production of silver chloride, 
which is dissolved in the excess of sodium chloride added to the torta, 
and the silver is subsequently reduced to the metallic state by a portion of 
the mercury, which is ultimately converted into calomel, while the reduced 
silver forms an amalgam with the residual unaltered mercury. The cuprous 
chloride formed is dissolved in the excess of sodium chloride, and converts 
another portion of silver sulphide into chloride, which is subsequently 
reduced by mercury, and finally forms an amalgam with that metal. 
The copper is, ultimately, chiefly converted into sulphide, and mercuric 
sulphide is sometimes also found in the torta ; this has been supposed to 
be the result of the action of mercurous chloride on silver sulphide. It 
has, however, been shown that this substance may be produced by the 
direct decomposition of silver sulphide by metallic mercury, and it is 
highly probable that Oiis reaction, to a certain extent, takes place in the 
torta. It has been contended, by j»ersons practically acquainted with 
patio amalgamation, that silver chloride is not neces.sarily formed during 
the process ; but the various phenomena brought forward in support of 
this view appear to be capable of being otherwise interpreted. 

Stove Amalgamation. — In some of the colder and more humid 
districts of Mexico a modification of patio amalgamation has been some- 
times resorted to. The ground ore from the arrastra is placed in a 
.«5hed, where the salt, magi.stral, and mercury are added, and the process 
i.s conducted in the usual way. When the oj)eration is about half com- 
pleted it is removed to a stove {edufa)^ consisting of a chamber with flues, 
so arranged beneath the floor as to communicate to the mixture the heat 
of a fire-place with which they are connected. It is here exposed to a 
gentle heat during from two to tlm^e days, and is then taken back to the 
shed, where the operation is completed by the ordinary method of patio 
amalgamation. In tliis way the time necessary for tlie reduction of the 
ore is dimini.shed, and the yield of silver some^^hat augmented ; the loss 
of mercury is, on the other hand, more considerable. 

Hot Process. — In j>arts of South America where the ores contain a 
large amount of native silver, or wliere that metal occurs in combination 
with chlorine, iodine, or bromine, amalgamation is often effected by the 
cazo. Tin's apparatus consists of a vessel formed either of blocks of stone 
or of wooden staves, like those of a tub, the bottom of which is made of 
a slab of copper 2^ inches in thickness, which becomes gradually thinned 
by use. This metallic bottom is retained in its place by a groove running 
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round the interior of the vessel, in the same way that the head of a cask 
is secured, and all joints are carefully luted with clay. The copper plate 
rests upon the walls of the hearth, forming the roof of a fire-place, which 
has neither fire-bars nor chimney, and which has but one opening for 
both the introduction of fuel and the egress of smoke. After being 
roughly stamped, ores intended for cazo amalgamation are ground in the 
arrastra ; but as they are subsequently subjected to a process of washing, 
care is taken not to carry the operation too far. The ordinary dimensions 
of the cazo are : diameter at top, 3 feet 3 inches ’ at bottom, 2 feet ; 
depth, 18 inches. About 100 lbs. of concentrated ore forms the charge, 
in which it is mixed with as much water as will convert it into 
a paste. When the contents of the vessel have been made to boil, 
from 5 to 10 per cent, of salt is added, and the workman, who squats 
by the side of the furnace and keeps the mixture constantly agitated 
with a wooden stirrer, begins the addition of mercury. ]\Iore mercury is 
from time to time added, and numerous samples are taken and washed in 
order to ascertain to what extent the ores have become exhausted of their 
silver’. The total amount of mercury added is usually twice the weight 
of the silver supposed to be contained in the charge, and the duration of 
the entire operation is six hours ; the liquid contents of the cazo, together 
with the slimes, are now dipped out into reservoirs, whence they are sub- 
sequently removed for further treatment by patio amalgamation. By 
this process the silver which exists in the ores in a native state, as well 
as that combined witli chlorine, iodine, or bromine, is readily made to 
unite witli mercury, but silver sulphide does not easily yield its metal to 
cazo amalgamation, and lienee the necessity of re-treating the residues in 
the torta. They do not, liowever, require the addition of magistral, since 
tliey contain sufficient chloride of copper to convert the whole of the 
silver sulphide into chloride. 

In the district of Catorce, Mexico, the dimensions of the cazo are some- 
times much enlarged, and, under the name of fondon, this contrivance is 
somewhat extensively employed for the reduction of argentiferous ores. 
The diameter of the copper bottom of the fondon is from 5 feet G inches 
to 7 feet 6 inches, and, instead of the necessary motion being imparted to 
the charge by a wooden stirrer, worked by hand, it is obtained by blocks 
of copper dragged over the bottom by an arrangement similar to the arms 
of an arrastra. It may, therefore, be regarded as an arrastra in which 
the stone paving and voladoras are replaced by a plate and blocks of 
metallic copper, to which a mule is harnessed in the ordinary way ; a 
fire-place is built below the bottom, which is provided with a plug-hole 
for tapping off the slimes at the termination of each operation. The 
charge varies from 1,200 to 1,500 lbs., and its treatment is completed in 
six hours, as in the case of cazo amalgamation. TJie loss of mercury 
experienced during the treatment of silver ores in the cazo and fondon is 
extremely small, not amounting to more than 2 to 3 per cent., since by 
this process chloride of silver is finally reduced at the expense of the 



694 


ELEMENTS Of METALLUltOY. 


copper bottom of the apparatus, instead of by the action of mercury, 
as in jvatio amalgamation. 

Barrel Amalgamation. — The amalgamation of silver ores by this 
piH>cess was conducted with great skill and economy at Halsbriicke, near 
Freiberg, from the year 1790 np to 1856, when it was finally abandoned 
on account of the expense of manipulation and of the unsatisfactory 
results it afforded when applied to certain classes of ore. The changes of 
more than half a century had also so modified the relations originally 
existing between the prices of labour, fuel, that, at the latter date, it 
was found advantageous to abandon the use of mercury, and to smelt the 
argentiferous ores with others containing leaiL The usual constituents of 
the ores treated at Halsbrucke are sulphur, antimony, arsenic, silver, 
copper, lead, iron, and line, which are more or less mixed with various 
earthy minerals, besides sometimes containing small quantities of bis- 
muth, gold, nickel, and cobalt. In the selection of these ores they w’ere 
so assorted as not to contain above 4 per cent, of lead, or 1 per cent, of 
copper, as these metals, w’hen combined with the mercury, give to the 
amalgam a pasty consistency, thereby rendering the treatment both difficult 
and expensive, besides low^ering the fineness of the retorted bullion. 

The different ores selected for amalgamation varied in richness from 
15 to 2CK) ounces per ton. At one period the mixtures of these ores w^ere 
so arranged that the charges should always contain from 75 to 80 ounces 
per ton. Latterly, however, it became usual to w-ork the poor and rich 
ores separately, since it was found that the total loss of silver in the 
residues was therel)y diminished. 

The mixtures of the poorer ores contained, on an average, from 30 to 
40 ounces per ton, and those of the richer ones from 90 to 130 ounces of 
silver per ton. It is essential that both mixtures should contain a certain 
minimum proportion (about 25 {>er cent.) of sulphide of iron, for the 
formation of iron sulphate, which necessary to the success of the roast- 
ing proce.ss. If the amount of iron pyrites, naturally occurring in the 
ores, did not equal this proportion, addition was made either of that 
mineral or of ferrous sulphate. Frequently, how’ever, the ores at Freiberg 
contained more pyrites than was re(|uired, and in sucli cases .some of the 
more sulphurou.s varieties w^ere .subjected to a previous roasting without 
salt, in order to reduce the amount of sulphur in the whole to the right 
proportion. 

The ore w^hen prepared was laid on a floor, 40 feet in length and 12 
in width, and on the top of it was thrown 10 ])er cent of common salt, 
which was let down from another room, tlirough sjxjuts placed in the 
floor. The heap, when it had been thus made up of alternate strata of 
ore and salt, was well mixed by Ixjing turned over with a sliovel, and 
then passed through a coarse sieve. It was subsi^quently divided into 
small parcels, each weighing from 4J to 5 cwts. The salt annually em- 
ployed for this purpose at the Halsbrucke works amounted to 500 tons, 
and was supplied by the Prussian salt mines. 
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The mixture of ore and salt was then roasted in reverberatory furnaces, 
provided with long chambered flues for the reception of the pulverulent 
matters taken over by the draught. 

The prepared charge was spread on the bottom of the hearth, where 
it was at first gently heated, for the purpose of expelling the moisture 
which it invariably contained. During the drying, which occupied 
from twenty to tliirty minutes, the charge was continuously stirred by 
a long iron rake. The lumps, which were formed by this operation, were 
then broken down by an iron beater, provided with a long handle. The 
heat was afterwards raised, white fumes were given off, and, in about two 
hours from the commencement, the mass had become red hot. The charge 
was occasionally turned, so that every particle of ore might be equally 
exposed to the fire, and during the whole time the mass was diligently 
stirred. The fire was now allowed to burn down, and the oxidation of 
the sulphur aided by constant stirring. This went on without inter- 
inih&ion until the mass became quite dark, and a sample taken from the 
furnace no longer evolved any sulphurous odour. During this period the 
ore increased in volume, and the particles hung so loosely together that 
the movement of the rake was scarcely at all impeded. The heat was 
again raised for three-quarters of an hour ; the iron sulphate, formed by 
the oxidation of pyrites, reacted on common salt, and caused the evolution 
of chlorine and hydrochloric acid gases, which, coming in contact with 
various silver com])ounds, converted them into chloride. Chlorides of the 
other metals jiresciit were at the same time formed, together with sodium 
sulphate. 'When the roasting was terminated, the charge was raked from 
the furnace into an iron barrow, and thence removed to an adjoining 
floor. The ore was afterwards raised to an u])per story for the purpose 
of being passed through a set of sieves, by which the finer j^owder was 
separated from the agglutinated lumps. These w'ere broken to a proper 
size, and a portion re-roasted by adding a small quantity to each of the 
ordinary charges. The remainder was mixed with 2 or 3 per cent, of 
salt, and calcined in the usual way. The finer particles, ^^hich passed 
through the sieves, were taken to heavy millstones and reduced to the 
state of an impalpable powder. 

After roasting, the charge consisted chiefly of oxide of iron, basic sul- 
phate of iron, and protochlorides and perchlorides of iron and copper ; 
together with oxide and sulphate of co])per, sulphate of lead, oxide of 
antimony and zinc, and a small quantity of metallic sulphides, in addi- 
tion to gangue, various earthy salts, sulphate of sodium, and an excess of 
common salt. The compounds of silver, originally present in the mineral, 
were converted into chloride, with the exception of traces of metallic 
silver, and perhaps also of a minute quantity of sulphide of silver, wdiich 
remained in the residues. The charge in roasting suffered a diminution 
in weight, amounting to about 10 per cent., due to the escape of sul- 
phur, chlorine, particles of salt, zinc, antimony, arsenic, chloride of 
iron, &C. 
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The timalgamation of the loasted ores was peifoiiued in twenty 
wooden casks, arranged in four rows, each turning on iron gudgeons, 
secured to tlieir ends by iron bolts. These bairels, which weie intei- 

nally 2 feet 8 inclies in length, 2 feet 8 
inches m diameter at the ends, and 2 feet 
10 inches in the middle, were made of pine, 
3^ inches in thickness, and stiengthened 
by iron hoops and binders, fig 205 On 
one of the ends of each barrel was a 
oothed-wheel, u, figa 206, 207, communi- 
tating w itli a shaft, a*, which leceived its 
motion diiectly from a water wheel 

Abo\e each of the bands was a wooden 
case, C, into whidi was tin own the pie- 
pared chaige To the bottom of this ca'^e 
was fixed a wooden spout, to which was 
attached a hose 111 ule of stiong cloth, and 
terminated by a shoit c} Under of tinplate, foi intioducing the cliaige 
into the barrel, 1] Each cask was fuinidicd with a (ircular opening, 
a (fi.'*? 205, 206), 5 inches in diameter, fitted with a wooden plug, 
through which had been boicd a small hole, lor lunning oil the argcntifcr 



Fig 205 — \m ilganidtiiig Barrel 



tig 200 — ‘Atijul^amaiitig 15 irrcls , trausveiHO sectiou 

ous mercury at the termination of the process, piovided with a pm made 
of hard wood. Below the barrels, and a little above the suiface of the 
floor, were tnangular troughs destined to receive the residual matters at 
the close of the operation. At the commencement of the jnocess 3 cwts. 
of water were run into each bairel, after which 10 cwts. of the roasted, 
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ground, and sifted ores were introduced through the hose, h. Each cask 
contained from 80 to 100 lbs. of wrought-iron, cut into fragments about 
1 inch square and § of an inch in thickness, which, in proportion as they 
became dissolved, were replaced by fresh pieces. 

As soon as the barrels were cliarged, and the plugs secured in their 
places by binding screws, they were thrown into gear with the driving- 
wheel by a screw and sliding block, h (fig. 205), and made to rotate at 
from twelve to fifteen revolutions per minute. 

At the expiration of two hourjs the machinery was stopped, for the 
purpose of examining the state of the metalliferous paste. If the charge 
was too stiff a little water 'was added, but if, on the contrary, it was 
found to be too soft, a small quantity of ore was thrown in. When this 
had been attended to, 5 cwts. of mercury were poured into each cask, 
and the barrel, after being securely closed, was again thrown into gear, 
and kept constantly revolving for about sixteen hours, at the uniform rate 



Fig. 207. — Amalg.imating llaireh ; seen from above. 

of thirteen turns per minute. During the first eight hours of this period 
they were twice examined for the purpose of seeing whether the paste 
was of the proper consistence, for if too thick the mercury became too 
finely divided, and if too thin, it remained at the bottom of the cask, and 
was not sufficiently mixed witli the constituents of the charge. In the 
first case, it was necessary to add water; and in the second, a little 
powdered ore. After the introduction of the mercury the temperature 
of the casks was raised considerably by the chemical changes going on 
'within, so tliat even in winter it sometimes stood as high as 40** C. 
At tlie expiration of eighteen hours the amalgamation ^vas ordinarily 
complete, and the casks were then entirely filled with water, and again 
made to turn during from one and a half to two hours with a velocity 
of only six or eight revolutions per minute. The mercury was thus 
separated from the slimes 'with which it "was mixed, and collected in one 
mass at the bottom of the barrels. When this union of the globules 
of mercury had been accomplished, the different casks were successively 
tlirow^n out of gear and stopped wdth their apertures uppermost. The 
Biuall peg in the bung 'u^as then removed, and in its place was inserted a 
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hollow plug, to which was attached a leathern hose, with a screw-clasp 
for choking it when required. The cask was then turned round so that 
the plug, a (fig. 206), was over the spout, o. The hose being put into 
the iron tube, j?, the mercury was allowed to run oft* into the gutter, r, 
by which it was conducted to a receiver. The workman closely watched 
this period of the operation, and the moment any earthy matter began 
to flow, the orifice was again tightly closed. The casks were then turned 
with their apertures, a, upwards, the small hose-plug was removed, and 
the bung loosened. 

The bung-holes were afterwards again turned downwards, the bungs 
withdrawn, and the muddy residuum discharged into the trough imme- 
diately under them, from which it flowed into large washing-vats j)laced 
below the level of the barrels. 

During the first two hours the casks were in motion, and before tlie 
introduction of mercury, the perchlorides contained in the ore were re- 
duced to the state of protoclilorides, and the saline matters dissolved by 
the water present. If, instead of this, tlie mercury had been introduced 
into the casks, together with the ore, it would, by reacting on ferric 
chloride, itc., have become partially converted into calomel, resulting in 
a loss of that metal. This is, however, avoided by the action of metallic 
iron, as the resulting ferrous chloride is without action upon mercury. 

The chloride of silver in tlie roasted ore is decomposed by agitation 
with the metallic iron and quicksilver ; the chlorine combines with iron 
in the form of chloride of iron, whilst the silver is dissolved in the liquid 
mercury. The chlorides of lead and copper which may be jire^ent are also 
reduced at the same time as the chloride of silver, and those metals enter 
into the composition of the amalgam obtained. 

The slimes, conducted to the washing-vats before mentioned, were 
mixed with an additional quantity of water, and kept constantly stirred 
by bars attached to iron arms fixed to an upright shaft in the centre of 
each vat, and turned by a water-wheel These vats were furnished with 
openings at various distances from the bottom, by which the muddy 
water was successively drawn oft* into tanks, where the solid matters were 
allowed to settle. These, if they contained as much as 4i ounces of 
silver to the ton, were removed to a drying floor, and subsequently re- 
roasted with 15 or 16 i>er cent, of pyrites and 5 or 6 per cent, of salt, 
and the roasted })roduct, after sifting, but without being re-ground, was 
subjected to amalgamation in barrels for a somewhat shorter j)oriod than 
the original ores. 

The quicksilver collected in the bottom of the washing-vats was 
drawn off every five or six weeks, and, on acc{)unt of the large proportion 
of impurities it contained, was treated apart from the ordinary amalgam 
obtained by tapping the barrels when the working of the charge wai 
finished. This was afterwards filtered through canvas bags, by whic^N 
the li(juid quicksilver was separated from tlie pasty amalgam retain' 
by tlie closeness of the web, while the mercury passed tlirough ii 
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suitable reservoirs. Tlie amalgam which was collected in the bags con- 
sisted of a mixture of 6 parts of mercury and 1 of an alloy composed of 
about 80 per cent, of silver and 20 of a mixture of copper, antimony, zinc, 
lead, and other metals. This amalgam was subsequently heated in iron 
retorts, and the mercury separated by distillation from the non-volatile 
constituents, which were obtained in the solid form. The employment 
of retorts had latterly almost entirely superseded the iron bells at one 
time used at Freiberg for this purpose. Three retorts were employed, 
and in each were placed 450 lbs. of amalgam on iron plates, which 
yielded about 70 lbs. of sj)onge or plate silver, Teller -silher. The time 
required to complete the distillation was about ten hours. The silver 
thus obtained was alloyed with various other metals, which, with the 
exception of a certain proportion of copper, were removed by a process 
of refining. 

The loss of silver by this proce‘=?s is stated to have been from 5 to 9 
per cent, of the amount contained in the ore, and the mercury expended 
varied from one-third to one-fourth of the weight of silver produced. 
According to Winkler, the average loss of mercury at Freiberg during seven 
years was about 3 ounces per lb. troy of silver retained. At Constante, 
Spain, the loss of quicksilver was (1856) 8*9 ounces per lb. of silver, and 
the loss of the latter metal, on the assay j)roduce, 1 2 per cent. At Real 
del Monte, Mexico (1864-65), the loss of mercury was 7*6 ounces per lb, 
of silver obtained, and the loss of silver 13 per cent. The loss of mercury 
at the Ophir Company’s Works, Nevada (1867), was 2*96 ounces per lb. 
of bullion, and that of silver 10 per cent, on the assay produce. 

The cost of barrel amalgamation necessarily varies in accordance with 
the nature of the ores treated, and with the locality in which the works 
are situated At Constante the total cost of treating one ton of ore, con- 
taining on an average 100 ounces of silver, was (1855) £2, 5s. 6d., while 
at Real del Monte (1864-65) it amounted to about £3, 10s. per ton. The 
cost of treatment by barrel amalgamation at the Ophir Works, Nevada 
(1867), was . 920*14 per ton of 2,000 lbs. 

Washoe Process of Amalgamation. — Shortly after the discovery of 
rich silver mines at Virginia City, Nevada (1859), it became evident that 
on account of the prevailing high prices of labour, fuel, forage, and all 
other necessaries, none of the processes employed in other localities for 
the treatment of silver ores could, in that district, afford profitable results, 
if applied to material assaying from $30 to $60 per ton, of w*hich the 
Great Comstock lode was then capable of yielding vast quantities. Under 
such circumstances it was important that some means should be devised 
for extracting the silver from such ores, without the prelimiiiary roasting 
Required for the barrel process on the one hand, and without the great 
^fcpenditure of mercury, time, and labour necessary for patio amalgamation 

the other. In addition to the expense and other disadvantages of the 
Iter process, it w^as found, after numerous trials conducted on a large 
that the climate of Nevada materially interfered, during a large 
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portion of the year, with the chemical reactions of the torta. The experi- 
ments undertaken with a view of overcoming these various difficulties, 
finally resulted in a system of amalgamation in iron pans, which, from 
having been first introduced in the Washoe district, is generally known as 
the “ Washoe process.” 

The applicability of this metliod to the treatment of argentiferous 
ores depends, to a very great extent, on their composition, and the nature 
of the various minerals with which they may be associated. The vein- 
stone from the Comstock mines chiefly consists of crumbling white quartz, 
with which is mixed a certain amount of clay and country rock. A 
closer inspection generally shows the presence of iron and copper pyrites, 
and a still more careful search, if aided by the use of a hand-lens, reveals 
the presence of blende, galena, and argentite. More rarely steiflianite and 
polybasite may also be distinguished among the minerals. Specimens 
may be found in which many, or all, of these minerals can be distinctly 
recognised. Gold occurs in the ores from the Comstock vein to the 
amount of above one-third their total value. 

For the purpose of metallurgical treatment tliey were formerly, and 
to a certain extent still are, divided into three classes. The first class 
embraces those ores whose assay value is alcove $150 per ton of 2,000 
lbs. ; the second class includes ores ranging from $90 to $150 per ton ; 
and the third class comprehends all workable ores of lower value than 
the foregoing, the average assay value varying considerably in dilferent 
mines. The silver of ores of the first class is so intimately associated 
with lead, antimony, arsenic, iron, and other base metals, as to render 
its extraction difficult, and they consecjuently cannot be profitalily 
treated by the simjde processes to which the mon‘ docile ore^j of the 
second and third clas&es are subjected. ( )res of the fir&t class are not, at 
present, of frequent occurrence, but formerly they were crushed dry, 
roasted w'itli common salt in reverberatory furnaces, and amalgamated in 
})arrels. The ores of the second and tliird clas^)es are treated by the 
Washoe or pan process; the chief differences, where any exist, in tlie 
details of treatment of the two cla-sses being in tlie time required for 
amalgamation, and in the amount of quicksilver and “chemicals” em- 
ployed. 

The ore treated by the Washoe process is raised from the mines in 
fragments of various dimensions, and before l)cing subjected to amalga- 
mation requires to be brought to a state of minute division. Blake/s 
mechanical stone-breakers are employed for reducing them to a suitable size 
for feeding into stamping-mills, in wdiich they are usually crushed wet to 
the state of fine sand, and thence pass off, in 8Usj>ension in water, through 
iron screens perforated with small holes, and are collected in suitable 
reservoirs, from which they are subsequently removed for the purpose of 
being ground in cast-iron pans with hot water and mercury, with or 
without the addition of chemicals. The amalgam thus obtained is sepa- 
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rated from redundant quicksilver by straining, and afterwards retorted, 
and the residual alloy melted into bars. 

Stamping-MilL — The stamping-mill consists of a series of heavy iron 
pestles, which are successively lifted to a height, varying from 9 to 12 
inches, and allowed to fall with their full weight on the ore beneath 
them. These stampers are enclosed in a mortar or battery-box of cast- 
iron, which is kept constantly supplied with ore, from which it can only 
escape by passing througli screens, the degree of fineness of the apertures 
in which regulates its state of division. The mortars are rectangular 
in form, and usually contain five stampers, forming what is called a 
“ battery ; ” they are supported on a solid wooden foundation, and the 
whole machine is established within a substantial framework of timber, 
^lotion is given to the stampers by a series of cams keyed on a cam-shaft 
placed immediately in front of the batter}^ which is made to revolve, 
either by water or steam power. 

Fig. 208 is a front elevation of two five-stamp batteries, and fig. 209 
a transverse section of the same machine, on the line A B. These draw- 
ings liave been reduced from tlie work, published by the United States 
Government, on the ‘^Mining Industry of the Fortieth Parallel,^ ^ under 
the direction of Mr. Clarence King. The stampers move vertically 
between guide*? of liard wood, G, y, forming part of the battery-frame. 
Tiie foun<lation for the battery consists of heavy timbers, F, standing 
vertically, placed close to one another, and firmly bolted together; the 
side timbers, T, and the batter^'-posts, C, are securely fastened to the 
foundation, being strengthened by the iron bars, R, and stays, D. The 
mortars, M (fig. 208), are placed directly on the foundation of vertical 
mortar- blocks, and are secured by bolts, as shown in the figures. The 
mortar most generally employed for wet crushing is a cast-iron box, from 
4 to 5 feet in length, 3 feet 6 inches in depth, and about 12 inches in 
width, inside measure, cast in one piece. The feed-opening, I, through 
whicli the ore to be crushed is introduced, is about 4 inches in width 
and nearly as long as the mortar. On the opposite side is the discharge 
aperture, furnished with a screen, ?, througli wliich the crushed ore is 
made to pass. This opening also is nearly of the same length as the 
mortar ; the lower edge being raised from 2 to 3 inches above the tops of 
the dies, fig. 209. The screen is attached to a wooden frame, y, which 
is secured in grooves cast in each end of the mortar, and by two lugs, 0 , 
cast in front of the discharge opening ; it is firmly held in its place by 
the wedges, tc, Screens are sometimes placed vertically, but they are 
more frequently inclined, as shown in fig. 209. They may be made of 
brass wire-cloth, having from forty to sixty meshes to the lineal inch, but 
for wet crushing, slieet-iron, perforated with holes varying from to 
of an inch in diameter, is preferred. A piece of canvas or sheet-iron 
is hung loosely before the screens, to prevent splashing. 

^ * Mining Industry of the Fortieth Parallel, by James D. Hague, with geological 
contributious by Clarence King. Washington, 1870. 
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their absence would be experienced by the mortar itself. Each die 
is a cylindrical block, about 6 inches in height, and corresponds in 
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fits into the bottom of the mortar and prevents it from moving. Some- 
times, also, those parts of the mortar which are exposed to constant wear 
have a lining of cast-iron plates, which, like tlie dies, can he taken out 
and replaced when necessary. The top of the mortar is covered with 
planks, q, resting on flanges cast on the inside, which, meeting in the 
middle, have semicircular notches in cacli, so as to form apertures, 
through which the stems of the stampers work. 

Each stamper consists of a stem or lifter, s, a head, h, attached to the 
lower end of the stem, and a shoe, which sustains the wear of the 
operation, and can be readily changed when required. It is also pro- 
vided with a collar or tappet, t, by which the revolving cam, c, lifts the 
stamper previous to its fall. The stem is a turned bar of wrought-iron, 
about 3 inches in diameter and from 10 to 12 feet in length. 

Tlie stamp-liead is a cylindrical piece of cast-iron, 8 inches in diameter 
and 1 5 in length, hooped at either end witli wrought-iron ; this hoop is 
shrunk into a recess, so tliat it does not project beyond the general surface 
of the cylinder. In its upper end is a slightly conical socket correspond- 
ing with the axis of the cylinder, in which the stem is secured by wooden 
wedges. In the lower end of the head is another socket, into which is 
secured, in the same way, the shank of the shoe, which is a cylinder of 
hard cast-iron of the same diameter as the head, and 6 inches in length ; 
this is provided witli a tapering shank 5 inches long. At the bottom of 
the socket^i in the liead for the reception both of the end of the stem and 
shank of the shoe, an oblong hole is cast across the diameter, for the pur- 
pose of drifting them out when necessary. 

The collar or tappet, is a cylinder of cast-iron, 8 inches in length, 
bored out so as to closely fit the stem, to which it is tightly secured, 
either by a gib and keys or by some other contrivance. 

The rotatory motion imparted to the stamper by the friction of the 
cam against the tappet is one of the advantages afforded ])y the use of 
round stems and shoes, and has not only the effect of increasing the 
grinding ])Ower of the machine, but also causes both the shoe and die to 
wear more evenly than when the stamper falls without such a circular 
motion. The cams, r, are curveil arms keyed to a sliaft, K (fig. 208), so 
placed in front of the battery that by its revolution they are successively 
brought in contact with the tappets on the different stampers, causing 
them to be raised to a height determined by the length of the cam, and 
fall to at the moment of release. In the silver districts of Nevada the 
cams are generally double-armed, m, shown in the woodcuts, although 
single-armed cams are also employed. The form of a single-arm cam 
will be seen on reference to the elevation of a stamping-mill employed 
for treating gold quartz (fig. 222). Motion is communicated to the 
cam-shaft by the pulley, P, keyed upon one end of it, from which a 
broad belt, made of canvas and india rubber, passes over another pulley, p, 
on the driving-shaft, k; this belt is tightened by the pulley, m. The 
order in which the stampers are made to fall is not always the same ; in a 
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five-stamp battery, however, a common arrangement is first to let fall the 
middle stamper, then the end one on the right, then the second on the 
left, afterwards the second stamper on the right, and, finally, that on 
the extreme left. When it becomes necessary to hang a stamper, so 
that the cam may revolve without reaching the tappet, it is supported by 
the articulated prop or stud, n, of which there is one for each stamper, 
arranged on a small iron shaft placed across the battery and passing 
through the uprights, to which it is secured. Each stud is of such a 
length as, when placed under the tappet, to support the stamper at a 
height of about an inch above the highest throw of the cam. In order 
to bring this stud into this position the workman lays a stick, about 1 J 
inch in thickness, on the face of the cam as it rises towards the tappet, 
and holds it there while the stamper is being lifted. It is thus raised 
sufficiently high to allow of the support being dropped into its place, 
which being done, the tappet is hung above the reach of the cam. When 
it is desired to again set the stamper in motion the operation is repeated, 
the stud being withdrawn at the moment when the stick placed on the 
face of the cam has lifted the tappet clear of its support. 

The weight of the stampers in most general use is from 600 to 
700 lbs.; their usual speed is from 60 to 90 blows per minute, and 
their ordinary drop from 9 to 12 inches. The higher the speed of the 
stampers the smaller is the amount of drop given to them. A mill of this 
description, discharging through screens of the usual degree of fineness, 
will, on an average, pulverize two tons of ordinary ore from the Comstock 
lode, per stamper, in twenty-four hours. 

The amount of water required in the battery varies with the character 
of the ore and with the degree of fineness to which it is to be reduced. 
The usual consumption in the Washoe district is from 250 to 300 cubic 
feet per ton of rock treated ; but this includes the water used in the 
]>ans, which does not pass through the batteries. In California and 
throughout the gold-regions of the Pacific coast the stamping-mill 
employed for the reduction of auriferous quartz is similar, in all essential 
])articulars, to that above described, and it will consequently require no 
further description when the treatment of gold ores has to be considered. 
The ore to be stamped is often supplied to the mill by a shovel through 
the aperture, /, but, as a rule, such machines are now constructed with 
self-feeding appliances. 

Dry crushing now' often replaces wet stamping in the treatment of 
argentiferous ores, and in such cases the fine powder which passes through 
the screens of the battery is usually removed by an exhausting fan and 
collected in dust-chambers. This method of crushing, although slower 
and more expensive than where water is employed, is usually preferred 
when the ground ore is to bo chloridized previous to being amalgamated 
in pans. Among its other advantages dry crushing obviates the loss of 
finely divided, floury ore, which is always, to some extent, carried off 
by the water passing through the settling-pits of the wet stamping-milL 
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Many of the more modern mills, both for wet and dry stamping, are, 
for the purpose of facilitating the egress of the ground material, furnished 
not only with screens in front, but also at tlie back, below the level of 
the feed opening. 

Settling-Tanks . — The stuff discharged from the battery is conveyed, 
in suspension, by the water escaping through the screens, by troughs, 
to settling-tanks, of which there is a series arranged in front of the 
stamping-mill. These tanks, wliich are generally constructed of planks, 
are 6 or 7 feet square and from 3 to 4 feet in depth ; they are so disposed 
as to communicate with one another, near the top, in such a way that the 
stream carrying the crushed ore in suspension, after passing one tank, 
flows into the next one below, and so on from one to another. A deposit of 
the solid material thus takes place in each tank, until the water flowing 
from the last in the series escapes in a comparatively clear state. The 
number of tanks must be sufficient to allow of some of them being 
emptied, whilst others are collecting the crushed ore, and the troughs 
in connection with them are provided with gates, by which a certain 
number can be shut off from the others when required. In this way the 
bulk of the coarser solid particles is deposited in the tanks ; but the 
water which escapes is still charged with slimes, consisting of ore reduced 
to a state of impal^mble division, and which can only b(i collected by a 
process of settling extended over a considerable time. For this purpose 
the steam is conducted either through another series of large settling- 
tanks or into a largo settling-pond outside the mill. The slimes thus 
collected form an important but variable proportion of the total amount 
of ore crushed, and in some instances represent as much as 10 per 
cent, of the material operated on ; but although they afford, by assay, 
a considerable yield of silver, they were not for some time treated 
with profitable results. As soon as one of the tanks becomes filled 
with finely divided ore, the stream is diverted into others which have 
space for a further supply, and the full tank is cleaned out, the 
crushed ore being then subjected to grinding and amalgamation in the 
pan. 

Pans . — The {)anB employed vary considerably in the details of con- 
struction, but all essentially consist of a round tub, the bottom of which 
is of cast-iron, but of which the sides are sometimes of wood. A hollow 
})illar is cast in the centre, within which is a vertical shaft projecting 
above its top, and to which motion is communicated by gearing situated 
below the pan bottom. To the top of this shaft is keyed a yoke or 
driver, by which the muller, or upper grinding-surface, is made to re- 
volve. On the inside of the pan is fixed a false bottom of iron, cast 
either in sections, called ‘‘ dies,” or in one piece which has a diameter 
somewhat less than that of the pan ; this has an aperture through which 
rises the central pillar. The false bottom furnishes the lower grinding- 
surface of the machine. The muller, forming the upper grinding-surface, 
a circular plate of cast-iron, corresponding in size with the false 
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bottom, and having a flat, conical, or conoidal surface, according to the 
shape of the pan bottom. 

There are various contrivances for raising or lowering the muller, in 
order that it may rest its whole weight on the bottom, so as to produce 
the greatest grinding effect, or be maintained at any desired distance 
from it, when less friction or more agitation is required. Numerous 
devices have also been adopted for communicating a proper motion to the 
pulp, so that when the muller is in action the material may be constantly 
kept in circulation, passing between the grinding surfaces and coming in 
contact with the mercury with which the pan is charged. Some pans are 
cast with double bottoms, with an intermediate space for the admission 
of steam for the purpose of heating, while in others “ live steam ” only 
is employed, which is conducted directly into the pulp through an iron 
pipe. 

The flat-bottomed pans of Varney and Wheeler, and that of Hepburn 
and Peterson, with a conical bottom, have been long employed with 
satisfactory results, although since 1860 other makers have introduced 
new pans, of wliich the characteristic features are increase of size and 
great simplicity of construction. Among these the large flat-bottomed 
pans of M‘Coiie, Horn, and Fountain are worthy of notice, as combining 
economy in first cost and a capacity which enables them to treat in the 
same time a much larger quantity of ore than could be worked in the 
pans formerly employed. 

Varney’s pan, which is still much used, is represented in figs. 210, 
211, 212, of which the first is an elevation, the second a vertical section, 
and tlie third a view from above. The body of this amalgamator consists 
of a tub. A, 4 feet 4 inches in diameter and 18 inches deep, with a cover, 
B, in which is an opening for the introduction of the crushed ore to bo 
ground and amalgamated. The pan is supported on suitable iron frame- 
work, and has a central conical tube, D (fig. 211), cast in one with it, ex- 
tending from the bottom to a short distance above the cover, through the 
interior of which is a hole passing vertically through the pan, in order 
that the shaft, C, may work within it. On the bottom of the pan, and 
secured to it by the bolts, e, is fixed the lower muller, a, consisting of a 
circular cast-iron plate, having a round hole in the centre considerably 
larger than the base of the tube, D. This die or false bottom may, tf de- 
sirable, be cast in sections. That portion of the aperture through the lower 
muller not occupied by I) is filled with wood, d, so as to present a flat 
surface from the tube to the circumference. The diameter of the muller 
is somewhat less than that of the interior of the pan, by which means a 
space, a\ is left, to bo filled with quicksilver. Above the lower muller is 
the upper one, h, of similar general form and size, having twelve shoes, c, 
the form and relative position of which will be understood by supposing 
a plate, of the diameter and thickness of the lower muller, attached to 
the under side of the upper one, to be sawn into twelve equal parts on lines 
drawn from the circumference of the plates to the outside of the tube, D. 
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The saw must also be supposed to be inclined at an angle of about 
forty-five degrees, thus producing grooves from the central opening to the 
periphery. 

Each shoe is fastened to the upper muller either by a bolt, /, or by a 
wrought-iron rivet cast into the shoe and riveted into a counter-sink 
in the upper side of the muller, as seen in fig. 211 ; the bosses and 
recesses, y, keep the die firmly secured in its place. 

In the lower muller are radial slots, similar to those in the upper 
one. These slots may be either inclined or perpendicular to the surface 
of the plate, and are filled with wood, set with the grain perpendicular 




Fig 210.— Pan ; elcvatiuu. 

to the plate. This wears slightly in advance of the surface of the die, 
thus forming cavities for the admission of pulp, by which the grinding 
capacity of the machine is increased. 

Over and around D, but not in contact with it, is tlie larger conical 
tube, E, perpendicular to the lower face of the upper muller, and having 
around its lower extremity the flange, V, upon which rests the ring, /i, 
forming part of the upper muller. This is connected with the muller 
proper by six curved arms, two pairs of which are nearer together than 
the others, and the space between them is filled by a projection from the 
periphery of the flange, V, for the purpose of carrying with it the upper 
muller when the flange makes a revolution. With the shaft, C, the 
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larger casting, E, is connected by the key, h, and the set-screws, I, in the 
boss, G. The shaft, C, passes through a babbet-metal beanng at m, and 
through the boss, F, of the driving wheel, in which is a key sliding 
vertically in the shaft Tins shaft is stepped into the vertical sliding- 
box, H, which is itself held in the box, o The step box rests upon an 
iron bar, one end of which is supported by the bolt, u, fig. 212, and the 
other IS connected with a screw and hand wheel, a;, by which it can be 
either raised or lowered, at the same time raising or lowering the upper 
muller. 

Within the body of the pan are suspended three curved plates, r. 










e\tending from near the surface of the upper muller upwards, and 
stretching m length fiom the inner side of the pan around to a point 
near the outside of the larger boss, opposite to that from ^^hlch they 
started. The lower edges of these plates are bent in\\ards, as shown at 
forming flanges, and the inner ends secured to the nng, ’vvhicli is of 
sufiicient diameter to surround the tube, E, without touching it. The 
whole IS suspended by iron rods attached to each jilate, which, passing 
through the cover, can bo adjusted by the hand m heels, J The outer 
ends of the curved plates slide vertically in grooves in the projections, 
fig. 212, cast upon the inner side of the pan. 

The method of working the pan is as follows — The space, a\ around 
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the periphery of the lower nmller, is charged with quicksilver, and the pan 
is nearly filled witli a mixture of water and stamped ore or “ pulp,” in such 
proportions as to form an easily flowing paste. The upper muller is now 
made to rotate at a speed of fioin sixty to eighty revolutions per minute. 
By the centrifugal force thus developed the pulp between the mullers is 
made to pass through the radial channels left by the dies, as well as 
between the grinding-sui faces of the mullers themselves, and coming con- 
tinually in contact with the mercury’, wuth which the machine is charged, 
amalgamation is efiected. This outward motion of the pulp prevents the 
mercury from coming into contact with the grinding-surfaces, by wdiich 
it would be broken, and a considerable loss be the result. 



The rotation of the upper muller causes the pulp in tlio pan to revolve 
with it, and tins current, being met by the curved plates, r, is directed 
towards the aperture in tlie centre of the upper muller. The radial 
slots between the shoes allow currents to pass, with a sufficient velocity, 
to produce a partial vacuum, by which the jmlp in the bottom of the 
pan is set in motion, causing a rapid and abundant flow downwards at 
the centre and upwards around the periphery of the pan. In this way 
the pulp is ground, and made to circulate, until the pulverization of the 
ore and amalgamation of the precious metals have been efiected. 

The Hepburn and Peterson pan has a cajiacity about equal to that of 
the Varney pan, but the form of the bottom is that of an inverted cone. 
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This bottom is lined with four conical dies, secured in their places in the 
usual way, and is never made with a steam-chamber, steam being always 
introduced directly into the pulp by a pipe from the boiler. In the 
centre is a hollow pillar, through which passes the driving-shaft. The form 
of the upper muller corresponds with that of the bottom, and it has, in the 
centre, a hollow vertical cone by which it is connected with the driver. 
Its' under side is furnished with shoes, between which are left radial 
passages for the circulation of the pulp. There are also radial grooves 
between the shoes, cast in the muller itself, so that when they have been 
reduced in thickness by use there may still be a sufficient channel for 
the passage of pulp. A similar passage is left between the dies lining 
the interior of the bottom. The movable inverted cone, to which the 
shoes are attached, is raised or lowered by a screw and hand-wheel, 
the bottom of the screw resting on the top of the driving-shaft, with 
which the boss of the bottom jnllar is connected by a sliding key. In 
this apparatus circulation of the pulp is effected without the use of 
the wings or guides employed for that purpose in some other pans. 
When tliis pan is in action the pulp, passing between the grinding- 
surfaces from the centre to the circumference, is made to descend towards 
the centre ; this movement being promoted by the shape of tlie pan and 
tlie motion of the muller-phite. The muller is worked at the rate of 
from sixty to seventy revolutions per minute. The pans of M‘Cone, 
Horn, and Fountain are flat-bottomed, and of larger dimensions than 
those above described ; they arc sometimes provided with steam-chambers 
beneath the bottom. The charge of the smaller pans is from 1,200 
to 1,500 lbs., but those of ^[‘Cone and Fountain, which are 5 feet in 
diameter and 25 inches in depth, will work charges of from 4,000 to 
5,000 lbs. 

In charging a pan the upper muller is raised a short distance from the 
bottom, water is supplied by a hose-pipe, and ore, from the settling-pits, 
is at the same time thrown in. The mixture is now heated, either by 
blowing steam into it or by a steam-chamber. In the latter case it is some- 
what difficult to obtain the most desirable temperature (85° C.) ; on the 
other hand, when live steam is blown directly into the pan, attention is 
necessary to prevent the charge from becoming too liquid, from the 
accumulation of condensed water. To avoid this, in many mills, the 
temperature of each charge, after being first raised by the admission 
of live steam, is subsequently maintained by means of a steam-jacket. 
The muller is gradually lowered, and, in the course of about two hours, 
the ore will have attained the state of a fine pulp. When this has been 
accomplished, or, in some mills, at the beginning of the operation, 
mercury is introduced. This is done by pressing it through a piece of 
canvas, by which it becomes equally spread over the surface of the 
pulp in the form of minute globules. The amount thus added is 
generally from 60 to 70 lbs. to an ordinary charge of from 1,200 to 
1,500 lbs. of ore. The muller is now raised, so as to act rather as 
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an agitator than as a grinder, and this action is continued during two 
hours. 

With ihe view of promoting amalgamation, it is usual to add to the 
chaige, either at the time of its introduction into the pan or shortly 
afterwards, various materials generally known as “ chemicals,” and which 
usually consist of cupric sulphate and common salt ; the quantity of each 
employed in different establishments varies considerably, but is usually 
from 1 to 3 lbs. to each charge of ore. The action of these substances, 
however, is but imperfectly understood, and their efficiency is open to 
doubt, since in many mills in which both cupric sulphate and common 
salt were formerly employed the use of one or the other has been discon- 
tinued, without in any way affecting the results. In other cases the 
employment of chemicals has been altogether abandoned, and yet, under 
all these varying circumstances, an equally good production of silver has 
been realized. 

After two hours grinding, and from two to three more hours employed 
in amalgamation, the operation is usually regarded as comjdcto, and the 
contents of the pan are run off into a separator or settler. The discharge 
of the pan is facilitated by the addition of water, supplied under pressure, 
through a flexible hose, which, at the same time, dilutes the pulp and 
allows it to flow readily into the separator. After having been emptied 
and washed out by a stream of water, the pan is supplied with a fresh 
charge of ore, and the operation of grinding is at once resumed. 

At stated times, or whenever it is desired to ascertain the exact yield 
of a parcel of ore %vhich has been under treatment, the pans, settlors, and 
all other apparatus containing amalgam, are thoroughly cleaned up. For 
this purpose the mullers must be raised, the shoes and dies removed, and 
all the parts scraped, in order to remove the Imrd amalgam adhering to 
the surfaces. In many cases, above one-fourth of the total amount of 
bullion yielded by the ore is obtained in this way. 

Separators . — Separators or .settlers, figs, 213, 214, like pans, differ to 
a certain extent in the minor details of constniction, but are generally 
round tubs, of either wood or iron, wdth cast-iron bottoms, and resemble 
pans in their general features, although considerably larger, being about 
10 feet in diameter. A hollow cone, C, fig. 214, is cast on the centre 
of the bottom, through which passes the vertical shaft, S, which is con- 
nected with gearing below the tub. To its upper extremity is attached 
the yoke or driver, D, which gives motion to arms. A, extending from the 
centre nearly to the circumference. These arms carry a number of ploughs 
or stirrers, P, usually made of hard w’ood, which rest lightly on the bottom, 
and when in motion communicate to the pulp the amount of agitation 
necessary for facilitating tlie sejmration of any mercury or amalgam with 
which it may be mixed. This stirring apj)aratus makes from twelve to 
fifteen revolutions per minute. 

The separator is placed in front of the pans, but at a lower level, so 
that the latter may be conveniently discharged into it. In some establish- 
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ments two pans are discharged at the same time into one settler, in which 
case the operation occupies the same length of time as the grinding and 
amalgamation of a charge in the pan, or from four to five hours. In 
other mills only about two hours are allowed for settling, and the two 
pans connected with each settler are discharged into it alternately. 

The water employed in discharging the pan considerably dilutes the 
consistency of the pulp, and this dilution is often further increased by the 
addition of fresh quantities during the progress of the operation. The 
degree of fluidity of the pulp, and the speed of the stirrers, materially 
affect the results, since if the paste be too thick the amalgam and quick- 
silver will remain in suspension, and if, on the contrary, it be too thin. 



sand will settle with them on the bottom of the vessel. It is evident 
that a too rapid or a too sluggish motion of the revolving arms would 
produce similar eflfects. The degree of dilution yielding the most satis- 
factory results with a given speed of the agitator can only be determined 
by experience. A discharge-hole, near the top of the tub, allows the 
lighter portions of the pulp to flow off, and at successive intervals the 
point of discharge is lowered by withdranring a lower plug from a series 
of holes, //, in the side of the settler. In this way the whole of the 
materials, with the exception of amalgam and quicksilver, are finally 
removed. The two latter are subsequently collected by the aid of various 
devices. There is for this purpose generally a groove in the bottom of 
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the separator, leading to the bowl, B, from which the fluid amalgam may 
be dipped ; or it may be drawn off by removing the plug, from the end 
of the outlet-pipe. The quicksilver, charged with amalgam, is cleaned by 
repeated washings with w^ater, and by carefully removing from its surface 
any particles of sand, pyrites, &c., that may adhere to it. In some mills 
the cleaning of the quicksilver and amalgam is efl'ected in a small iron 
pan, resembling a settler in its construction, in which it is washed by 
slow agitation with plenty of clean water. When sufficiently cleansed, 
the amalgam is separated from the redundant mercury by straining through 
a canvas bag, of the form and dimensions of that employed in Mexico 
for a similar purpose, which has been described when treating of patio 
amalgamation. 



Agitator . — After leaving the separators the pulj) is passed into wooden 
tubs, varjdng f rom 6 to 12 feet in diameter, and from 2 to 6 f(*(*t in dejith, 
in which are collected small portion.s of mercury and amalgam, as well as 
heavy particles of undccomiKjsed ore, which have been carried off in the 
pulp discharged from the separators. A simjde stirring apparatus, some- 
what resembling that of the separator, keeps tlie material in a state of 
gentle agitation ; the revolving shaft carries four arms, and makes from 
ten to fifteen revolutions per minute. Some establishments have several 
agitators, in many cases only one is used, wliile in others tliey are entirely 
dispensed with. The stuff that accumulates on the bottom is shovelled 
ou<^ at intervals of three or four days, and is again worked over in the 
p.nirnn/1 f>ip nrqfafcors are blanket-sluices and various other con- 
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trivances for concentrating and collecting the more valuable portion of the 
tailinga 

Retorting and Melting , — The amalgam having been strained in bags, 
and pressed, in order to expel as much as possible of the fluid quicksilver, 
is subjected to a process of distillation, by which the remaining portion 
is separated from the gold and silver. The cast-iron retort employed for 
this purpose is from to 3 feet in length, and from 9 to 12 inches in 
diameter, the casting being about inch in thickness. This rests either 
on two heavy cast-iron bearers, the ends of which are built into the brick- 
work, or on an arch of fire-bricks, and is placed beneath another arch, 
from the crown of which the products of combustion are carried off to 
a chimney, through rectangular apertures in communication with a flue. 
The open end is fitted with a cover like that of a coal-gas retort, and 
from the otlier end an iron tube carries off the volatilized mercury. This 
is screwed to a downcast pipe, and is so arranged that, by means of screw 
stoppers, every facility is afforded for cleaning the pipes. The vertical 
tube is enclosed within another, so as to form a Liebig condenser, through 
wliicli a current of cold water is constantly passed, the heated water 
esca])ing at the top. 

The downcast pipe opens into a small chamber without a bottom, 
Fufiiciently immersed in a vessel of water to keep it air-tight, but only to 
such a depth as to prevent the occurrence of accidents from the passage 
of water up into the lieated retort. 

This retort is ])rovided with cast-iron semi-cylindrical trays, which 
are easily slid into tlieir ])luces, and are generally divided into two parts 
by a transverse partition. In some cases the amalgam is introduced 
directly into the retort, the use of trays being dispensed with. 

Before the amalgam is placed in the retort or trays, tlie interior is 
coated with a tliin 'wash of clay or of milk of lime, or a lining of paper 
may be em])loyed instead. By this precaution the retorted amalgam is 
prevented from adhering to the iron, and much trouble avoided. The 
amalgam, having been jilaced in the retort, the cover is luted either with 
clay or with a mixture of clay and wood ashes, and is fastened in its 
place by a screw-clamp, or otherwise. A fire is now lighted, and the heat 
slowly and gradually' raised, until tlie retort assumes a bright cherry-red 
colour, and is so maintained until mercury ceases to distil over. This 
usually occurs at tlie expiration of eight hours, and the charge of amalgam 
operated on, at one time, may vary from 800 to 1,200 lbs. The retort 
is now allowed to cool gradually, and, 'when sufficiently cold, the crude 
bullion is withdrawn. This amounts to about one-sixth the weight of 
the original charge. 

A form of retort frequently employed in the neighbourhood of 
Virginia City is represented, in longitudinal section, in fig. 215. The 
ash-pit. A, is beneath the fire-place, B, wliich communicates, by the 
flues, a, wdth the chamber, enclosing the retort, C, from which the 
products of combustion are conveyed by the flues, c, through the 



7i6 


ELEMENTS OF METALLURGY. 


cavity, to the chimney. These flues have regulating dampers so 
as to keep the retort uniformly heated throughout its length. The 
tube, D, conducts the mercurial vapours to the vertical pipe, E, where 
they are condensed by the current of cold water flowing through F. 
The condensed mercury collects in the reservoir, G, from which it is 
drawn off through an iron pipe. Any mercurial vapours that may escape 
through leakage, or the removal of the door, are collected by the hood, e, 
and conveyed to the chimney. The arrangement for securing the door, 
< 7 , is similar to that employed for gas-retortfe. The trays, A, are used 
for holding amalgam, and the iron braces for binding the brickwork are 
indicated by the letter /. 

The retorted amalgam is broken up, melted, and cast into ingots, the 



fusion being most commonly effected, with the adtlition of a little borax, 
in an ordinary plumbago crucible. The loss in weight experienced in 
melting retorted amalgam is between 2 and 3 per cent. The ingots thus 
obtained are chipped and assayed in the usual way, and commonly con- 
tain, in 1,000 parts, 24 parts of gold and 840 of silv( 3 r, the remaining 
1 36 thousandths consisting chiefly of copper. 

Tailings ,^ — The pulp, after issuing from the settlers, in which it has 

’ The term “ tailing! ” in applied to the pulpy and sandy residues which escape 
from the separator or agitator after the treatment of ores by pan amalgamation. 
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been, as far as possible, separated from amalgam and mercury, is variously 
treated in different mills. In some the whole mass is passed through 
agitators, for the purpose of collecting a portion of the amalgam, mercury, 
and undecomposed sulphides carried off from the separators. In others 
concentrators of various kinds are employed with a similar object, by 
the use of which a certain amount of undecomposed sulphides is 
obtained in a concentrated form. In cases where there is a sufficient 
supply of water, and the inclination of the surface admits of such an 
arrangement, blanket-sluices are laid down, over which the stream of 
tailings is allowed to flow ; the heavier and more valuable particles being 
arrested by the blankets. Dams are also constructed at convenient 
points for the accumulation of tailings, which, after exposure to the 
weather for several months, may be again worked at a profit. 

The ordinary yield obtained by pan amalgamation varies between 65 
and 70 per cent, of the assay value of the ore, and this, by the subsequent 
treatment of slimes and tailings, is sometimes increased to 85 or 90 
per cent. In the Washoe district the cost of treatment, where water 
power is employed, is from $5 to $5.50, and in steam-mills from $6 to 
$6.75 per ton. The tailings, <kc., collected in the various reservoirs 
established for that purpose, contain, on an average, by assay, gold 
and silver of the value of $15 per ton, from which $9.75 are extracted, 
by re-treatment, at an expense, in steam-mills, of about $5.50 per ton. 

Chemical Reactions of the Washoe Process, — Mr. James D. Hague, 
who has carefully investigated this subject, has arrived at the following 
conclusions : ^ — 

That the ores treated chiefly consist of native gold, native silver, and 
sulphides of silver, associated with varying proportions of blende and 
galena. 

Tlie action of sodium chloride and cupric sulphate produces in the 
pan cupric chloride. 

The presence of metallic iron causes the formation of cuprous 
chloride. 

Both cupric and cuprous chlorides assist in the reduction of the 
ore, by the chloridizing of silver sulphide, and by decomposing blende 
and galena. 

Cupric sulpliate augments the amalgamating energy of mercury by 
the formation of small quantities of copper amalgam, and also tends to 
remove lead from the quicksilver. 

Notwitlistanding tlic action of tliese reagents, as above indicated, the 
quantities usually added in the Washoe mills are too small to produce 
any very beneficial results. 

Mercury and iron, under the influence of heat and friction, are the 

By “slimei” is generally understood those portions of the ore which have been 
reduced in the battery to such an impali>able state as to he carried through the 
settling tanks in suspension iu water. The niore pulpy portions of tailings are some- 
times called “pan-slimes.” 

* ' Mining Industry of the Fortieth Parallel, p. 293. 
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chief agents in the extraction of the precious metals hy the Washoe 
process. 

It is an essential condition that the mercury be kept perfectly bright 
and pure, in order to effect direct contact of that metal with silver 
sulphide and metallic iron. 

In the Washoe process the consumption of mercury is chiefly 
mechanical, the loss through chemical action being comparatively small. 

General Arrangement of Reduction Works , — The batteries are commonly 
arranged in one straight line, behind which, on the feed side, is the 
breaking-floor, where the ore is reduced to a suitable size for the stamping- 
mill, eitlier by a mechanical stone-breaker or by hammers. When the 
slope of the ground permits such an arrangement, large bins are fre- 
quently constructed at a higher level behind the breaker, into which are 
tipped the contents of the waggons bringing ore out of the mines. The 
stamping-mills discharge the crushed ore into troughs, which convey it 
to settling-tanks standing in front of tlie batteries, and a platform is 
provided for the reception of the ore shovelled out of the tanks. 

In the majority of cases the pans are arranged in a straight line, 
parallel to the batteries, while the separators stand in anotlier line parallel 
to the pans, and on a sufficiently lower level to admit of the contents 
of the pans being tapped directly into them. Below the separators 
are the agitators, or other contrivances for preventing the escape of ore 
and amalgam. Power is communicated from a steam-engine or water- 
wheel, either by gearing or by belting, to a shaft in front of, and parallel 
with the batteries. On this shaft are pulleys opposite to those on the 
several cam-shafts, to which motion is communicated by suitable belting. 
The same shaft imparts motion, through a counter-shaft and belting, to 
the stone-breaker and pans. For the purpose of working the latter a 
line of shafting is arranged under them, from which the various sepa- 
rators and agitators are also driven by belting and pulleys. 

The power required for each stamper of ordinary weight is about 
Ij-horse, whilst that necessary for each pan varies from 3- to 6-horse 
power, according to its size and construction. The expenditure per ton 
of ore stamped, ground, and amalgamated varies according to the size of 
the mill and the degree of j)erfection of its arrangements, but may be 
taken on an average at 2-horse power. 

In Arizona and Sonora some mills are arranged on Poss’s system, 
which dispenses with the operation of tank shovelling. The pans are 
arranged in sets of eight, each one being connected with that next below 
it by an overflow pipe placed 7 inches below the top edge of the tub. 
The coarse sand in the battery pulp is separated by a current sizing 
apparatus, and passed through Nos. 1 and 2 pans, where it is grouml 
fine without mercury, and then to No. 3, which also receives the fine 
slimes from the battery. Mercury is first added in No. 3, and is also 
used in the remaining five pans. Nos. 4 to 8, but the grinding is only 
continued as far as No. 5, the lost three pans being worked with the 
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mullers lifted. The ore passes through the wliole series of pans in four 
hours. About 200 lbs. of fresh mercury are added to each pan at 
intervals of two hours ; this is done by hydraulic pressure, the mercury 
being contained in a closed tank, which is connected by a system of 
pipes with the pans on one side and with the mud drums at the bottom 
of the steam boilers on the other. 

In Krdncke^s process, used at Antofagasta and Copiapo in Chili, the 
ore, which need not be previously roasted, but must be finely pulverized 
and dried, is treated with a freshly prepared solution of cuprous chloride 
in common salt, mercury, and zinc- or lead-amalgam, in barrels like those 
of the Freiberg process, but much larger, holding from 3 to 4 tons instead 
of 10 cwts. Only sufficient water is used to bring the charge to the con- 
sistence of a moderately stiff paste, and the cuprous chloride solution is 
allowed to act upon the ore for about half an hour before the mercury 
and zinc are added. The operation is finished in about six hours, when 
the amalgam is collected and cleaned in the usual way. The use of zinc 
and lead prevent loss of mercury by decomposing calomel with the pro- 
duction of the chlorides of the less valuable metal, and they are also 
supposed to expedite the amalgamation by electro-chemical action. Lead 
is only used when the ores contain native chloride and bromide of silver. 


The Rtetefeldt Furnace. 

In many localities the most expensive item in the cost of working 
first-class ores by barrel amalgamation was roasting or chloridizing, 
which alone was in the Washoe district generally estimated at about ^15 
per ton. Some years since a furnace was invented by ^Mr. Stetefeldt, 
of Austin, which at one time promised to effect a considerable saving 
in the exjiense of this operation. Its action consists in allowing very 
finely pulverized ore, mixed with common salt, to fall against a current 
of heated air rising through a shaft, by which the particles of the metallic 
sulphides are transformed into oxides, whilst sulphurous anhydride is 
evolved. By the action of this and watery vapour on common salt, 
hydrochloric acid is generated, and by the reaction of this acid on the 
oxides, metallic chlorides are obtained. 

The chemical action of this apparatus is very similar to that of the 
reverberatory furnace, but, as the ore is made to fall in a shower of 
finely divided particles, it is more thoroughly exposed during its descent 
to oxidizing and chloridizing influences. In consequence of this its 
action is stated to bo very rapid and complete, while the expenditure 
of labour is said to be small. 

This furnace consists of a shaft, 20 feet in height and from 3 to 4 
feet square at the base. At two opposite sides are fire-places, from which 
short flues communicate with the main shaft. At the top is the feeding 
apparatus, which supplies a continuous shower of the ore in a state of 
extreme division. At a short distance below the top of the shaft is a 
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flue, through which the gases escape, and by which they are conducted to 
a series of chambers, where any portions of the ore which may have 
been carried over by the draught are deposited. An auxiliary fire- 
place, in communication with the fiue, serves the double purpose of 
keeping up the temperature and of extending the region of chemical 
action. 

A discharging-door is left at the bottom of the main shaft, whence 
the principal portion of the ore is withdrawn. Similar doors are arranged 
at convenient points along the main flue, and communicate with the 
several chambers. The chimney for the final escape of the gases at the 
end of the dust-chambers is about 40 feet in height.' 

The ore is mixed with salt on a drying floor, and then crushed by 
dry stamping. It is afterwards raised by an elevator to the hopper of 
the feeding apparatus at the top of the furnace, whence it is supplied 
continuously to the chloridizing column. The temperature of this is 
maintained as uniform as possible, the heat employed being sufficient to 
keep the ore, which accumulates at the bottom, constantly red hot. Mr. 
Stetefeldt states that the results of the actual working experience of one 
of his furnaces, which he erected at Reno, go to show that it gets 
through a larger amount of work with a smaller expense for labour, fuel, 
and salt, than any apparatus previously employed for the purpose. It 
has been further stated that 90 per cent, of the silver present in the ore 
is converted into chloride. One of these furnaces, worked by eight men, 
is said to have accomplished the chloridizing of as much ore as ten re- 
verberatory furnaces requiring the labour of thirty-six men. The fuel 
consumed in the Reno furnace averaged about two cords of wood in 
twenty-four hours, and treated an amount of ore per diem which, in 
ordinary calciners, would require the consumption of ten cords. From 
3 to 6 per cent, of salt was required, according to the richness of the ore; 
while in the reverberatory furnace at least twice that quantity would be 
necessary. It is also maintained that the bullion produced from ores 
roasted in this furnace contains less impurity than that from those treated 
in the ordinary way, and consequently that it is well ada])ted for work- 
ing ores containing a large amount of ‘‘ base metal.” The expense of 
roasting 1 ton of ore wdth salt in the Reno furnace was, in 1870, given 
as between $6 and §7 ; but it was expected that this cost would bo 
materially reduced by the application of certain projected improvements. 

The woodcuts, figs. 216, 217, afford a tolerably correct idoa of the 
construction of the furnace at Reno, a. Shaft through which the ore falls ; 
6, top of shaft, on which the feeding apparatus is arranged ; c, damper, 
inserted when the screens of the feeding machinery are exchanged ; cf, 
door through which the roasted ore is discharged upon the cooling floor ; 
e, fire-places ; /, flue through which the gases escape ; g, triangular flue- 
bridges of cast-iron ; h, cast-iron plates, forming the bottom of the flue, 
and which allow the dust, which settles in this part of the apparatus, to 
fall into the chamber, i ; A;, discharging door; /, fire-place, which heats 
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the lower portion of the flue,/y m, flue connected with the dust-chamher, 
o ; n, discharging doors. 

The principal dust-chamber is 24 feet long, 8 feet wide, and 10 feet 
high ; from this the gases pass under the floor of a kiln, on which the 
ore and salt are diiod, 39 feet in length and 7 in width. A flue 3 feet 4 



Fi„' 21 1 ) — Stetefeldt Furnace ; verticil section 

Indies "SMdo, 4 feet G indies liigli, and about 180 feet in length, leads 
fiom the dr3dng-kiln to an iron diininey, 2 feet 6 inches in diameter, 
situated on the lull-side. The top of this chimney rises 40 feet abo\e 
that of tlie furnace. Tlie llri'-places and arches are built of fire-bricks, 
but tlie other parts of the apparatus with common bricks. Tlie walls are 



Fig 217 — Stctcfeldt Furnace ; section on A B. 

built double, with spaces between them, and the furnace is bound with 
iron rails and J-iiich rods. 

At first much difficulty was experienced in providing suitable feeding 
apparatus. Gcrsteiihofer’s feeder, consisting of fluted rollers, which, force 
llie ore through slits on the top of the furnace, was not found to answer, 
as it caused the ore to fall in lumjis, which arrived at the bottom of the 

2 Z 
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shaft in an almost unaltered state. This is caused }»y the tendency pos- 
sessed by the jurticles of all iinely pulverized minerals to adhere to ont^ 
anotluT if a sli^ditly oompn‘ssed mass be alloweil to fall throu^di the air. 

After various triids the ai)jxiratus for this puri>ose was arranged Jis 
follows ; — 

A hollow caA-iroii frame, kept cool by a small stream of water, rests 
on top of the furnace. In this frame is a cast-iron grating, covered by a 
screen of finely punched sheet-iron, similar to those employed for wet 
crushing. Immediately above the punched screen is auotlu*r, made of 
coarse wire-cloth, fastened to a movable frame. This is provided with 
haiiges resting on adjustable rollers on the outside of the hopper, and 
receives a reciprocating motion from a crank. The throw of this is 
inch, and in order to avoid the motion of a stratum of pulverized ore 
with the coarse sieve, a number of thin iron blades are so arranged across 
tlie hopper that their lower edges almost touch tlie U})per surface of this 
sieve. These blades keep the finely divide^l ore from being displact‘(l 
when the cmnk is in motion, while the meshes of llic iron .screen cut 
through it and cause its particles to fall through the ajaulures of tlie 
punched scn‘en lieneatli. The number of revolutions of the crank-sliaft 
varies from tliirty to .seventy per minute, and the ore is thus regularly 
and continuausly introduced into the furnace. 

In the newer forms of this furnace the shaft and dust Hue are rais(‘d 
above the ground upon piers and terminate below in hoi^iers, which di.^- 
eharge the roasted orti into waggons ])Iaced below. Tli(‘y are made with 
.^shafts, 30 to 40 feet high, and roa>t from 20 to 40 tons of ore in twenty- 
four hours. 

Amalga3Iation of Refkactouy Ores in Montana. 

In the territory of Montana large rpiantities of silver ore containing 
a little gold are raised. These ores, cuii.-'i^ting mainly of siilj^liides of 
silver, antimony, copper, lead, and zinc, arc locally knowui as “base ores,” 
the assay of which varies from 40 to 50 ounces of silver, and from 3J to 
10 dwts. of gold i>er ton of 2,000 Ihs. The mill arrangements for tlie 
treatment of these ores usually include grizzlies or screens, stone-breakers, 
drying cylinders and flues, automatic .siainp-fc(‘(h‘rs, dry stanij)iiig-mills, 
chloridizing furnaces, amalgamating pans, settlers, and hullicm retorts. 
The drying cylinders under the grizzlies and stone-hreaker.s, usually 
of WTOUght-iron 18 feet long, 42 indies tapered to 56 inches inside 
diameter, make about eiglit revoliit'oiis per minute. The “ Howell and 
White” chloridizing furnace, 28 feet long and GO indies inside diameter, 
.slowly revolving between a fire-place and du.st-di ambers, is but a slight 
modification in form of the Hocking and Oxlaiid calciner, used in the tin 
mines of Cornwall, described at p. 476. 

Tile mortar-boxes of the stamps are fitted with front and back screens, 
each enclosed in wooden chambers. At tlie bottom of the chambers 
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is an Archimedean screw for delivering the ore to an elevator fixed at 
the end of the battery. The ore from the drying cylinder is weighed 
to the stamps, and the salt is then added, the quantity varying, with 
the baseness of the ore, from 10 to 14 per cent, by weight. Both ore 
and salt are reduced in the mortar to a dry dust. This saline dust is 
elevated so as to be passed direct to the chloridizing cylinder or furnace. 
From this furnace it is discharged into storage boxes, from which charges 
are drawn for the amalgamating pans. 

A charge is amalgamated and discharged into the settler in from six 
to eight hours. Sometimes the llasenclever furnace is employed for dry- 
ing the ore previous to its being mixed with salt. When the Stetefeldt 
furnace is used for chloridizing purposes, the ore and salt drop from 
the top to the bottom of the shaft, about 60 feet. In the following 
table will be found the approximate weight and cost of chloridizing ore 
in four distinct mills, at the prices stated for labour, salt, and fuel, as 
well as the assay proportions of silver chloridized and amalgamated, 
together with the assay proportion of gold obtained. The ore chloridized 
in the Stetefeldt furnace was very base, requiring 14 per cent, of salt. 


Mills. 

A. 

B. 

C. 

1). 

Character of furnace used . 

Stetefeldt. 

Howell &. 
White. 

Howell & 
White. 

Howell & 
White. 

No. of tons of 2,000 lbs. each chlor« 
idized per twenty-four hours . 

25 

30 

28i 

20 

Labour, at 14s. per day 

Salt, at £8 per 2,000 lbs. 

Wood fuel, at 268. jior cord . 

Power 

Oil and light .... 

Wear and tear .... 
Interest 

£ s d 

6 6 0 
28 0 0 

5 10 6 
; 0 10 0 

1 

1 12 0 , 

£ 8. d 

4 8 0 
24 0 0 

4 17 6 

0 12 0 

0 3 0 
10 0 
12 0 

£ s. d 

4 8 0 
18 4 9 

4 11 0 

16 0 

1 "0 0 
12 0 

£ s. d. 

1 14 0 
16 0 0 

3 18 0 

16 0 

1 0 0 
12 0 


1 

41 18 6 I 

36 2 6 

30 11 9 

25 0 0 

Average cost per ton of 2,000 lbs., 

Silver chloridized .... 
Silver amalgamated 

Gold „ • • • 

£1 13 6 

Per cent* 

S3 

86,’, 

60 

£1 4 0 

£116 

Per cent. 

82 A 

56^, 

£15 0 

Per OLiit. 
84 
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Processes for Extracting Silver by the Wet Way. 

The processes by which silver is extracted from ores and metallur- 
gical products by the various wet methods are all comparatively modern, 
and belong to that recent period during which the practical metallurgist 
has availed himself of the assistance to be derived from chemical research. 
These methods have now, to a great extent, supplanted the older pro- 
cesses of liquation and amalgamation, and may often be advantageously 
employed for the treatment of argentiferous materials, particularly when 
the amount of copper is large, and that of lead comparatively small. 
Under certain conditions the methods of silver extraction by the wet 
way possess advantages over smelting and amalgamation ; but in the 
case of some of them, in order to obtain satisfactory results it is necessary 
that the material operated on should not contain any considerable amount 
of either lead, zinc, antimony, or arsenic. Ores containing these metals 
in large quantities are not adapted for treatment by any of the wet pro- 
cesses, and the fact of their being frequently associated with silver ores 
has tended to restrict the application of such processes. 

Augustin’s Process. — AMien ordinary argentiferous ores, or sulphu- 
retted metallurgical products containing silver, are roasted with common 
salt, chloride of silver is formed, which is soluble in a hot and concentrated 
brine. From this solution the silver may be precipitated by metallic 
copper, which can in its turn be thrown down by iron. The residual 
liquors, until by repeated use they contain too much sodium sulphate, 
may be emplo 3 "ed for dissolving fresh quantities of silver chloride. The 
solubility of silver chloride in a solution of common salt is a fact long 
known, but was first taken practical advantage of (1849) by Augustin, 
one of the officers of the Mansfeld Mining Company, as the foundation 
of a process for the extraction of silver from its ores. This process is less 
applicable to the direct treatment of ores than to mattes, since raw ores 
frequently contain substances which interfere with the complete con- 
version of the silver into chloride. 

Copper mattes, yielding from 50 to 70 per cent, of copper, but free 
from metallic gi’aiiules, and containing neither lead, zinc, antimony, nor 
arsenic, afford the best results by Augustin's process. 

The presence of rich copper sidphides is favourable to the produc- 
tion of residues poor in silver, but a mixture of metallic copper, in the 
form of shot, necessarily results in a loss of silver. It is often found 
advantageous to submit copper mattes t > concentration before subjecting 
them to treatment by this process. When lead is presemt, it may be 
transformed into chloride and removed by. hot water, previous to the 
treatment of the roasted mattes by brine. 

The desilverization of copper matte is effected by tlie following series 
of manipulations : — 

First Roasting , — The matte is first ground and sifted, and then roasted 
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at a low red-heat on the upper bed of a double reverberatory furnace. 
This operation is completed in about five hours, the ordinary charge being 
about 4 cwts. The ore is then transferred to the lower bed, where it 
is roasted during two hours at a moderate temperature. The heat is then 
raised, and the roasting continued during three additional hours. By 
this treatment the silver contained in the matte will, for the most part, 
be transformed into sulphate, while the corresponding iron and copper 
salts will be decomposed into oxides mixed with basic sulphates. A 
sample drawn from the roasted charge should, when treated with hot 
water, afford a solution of a faintly blue colour, which by the addition of 
a drop of solution of common salt should give a precipitate of silver 
chloride. 

Roasting loith Salt , — As soon as a sample taken from the furnace 
affords the results above described, the charge is withdrawn, and after 
being allowed to cool, is ground between millstones. The ground ore is 
then passed through a bolting-sieve, and i)laced in the same furnace in 
which it was previously treated, where it is mixed with from 3 to 5 per 
cent, of common salt. It is now roasted at a low temperature, by which 
chloride of sodium is decomposed by the sulphuric acid of the sulphates. 
Chlorine unites with silver, and nearly the whole of that metal is trans- 
formed into the state of chloride. This second roasting occupies from 
two to three hours, and the mixture, after being withdrawn from the 
furnace and allowed to cool, is taken to the lixiviating house. 

Lixiriation aivl Prenpitation , — A lofty shed should be used for the 
lixiviation of the cliloridized ores. At Freiberg, where Augustin’s process 
was employed from the year 1849 to 18C2, uhen it was abandoned in 
favour of a process for the treatment of roasted mattes by sulphuric acid, 
the operations were conducted with a plant of which fig. 218 represents 
an elevation. 

The lixiviating tubs, «, arranged in a straight line on a floor consider- 
ably above the ground-level, were each provided with a false bottom 
supporting a filter. On the bottom of the tub was laid a wooden cross, 
upon which rested a disc made of planks perforated with large holes. 
This was covered by a uniform layer of twigs, and a linen cloth was 
stretched over them and made tight against the sides of the vessel by a 
-wooden hoop. These tubs, provided with wheels, were each charged with 
about 8 cwts. of roasted matte, and could be transported by the bogie, h, 
running on the tramway, c, and were finally arranged in their respective 
places by cross-rails on the platform, d. Hot brine was conducted to the 
several tubs from the reservoir, c, supplied from the larger tank, /, through 
the trough, g. The solution of salt was heated to the necessary tempera- 
ture by steam-pipes. The heated brine, on coming in contact with silver 
chloride, dissolved it, and flowed off through the filters into a trough, by 
which it was conducted into a tank above the level of a series of tubs. 
From this reservoir the fluid was conducted into four tubs, not shown in 
the woodcut, in which the silver was precipitated by cement-copper. The 
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copper used for this purpose was placed on filters similar to those on the 
bottom of the lixiviating tubs. From these tubs the liquors flowed into 
three tubs, 7/, charged in the same way as the upper ones witli precipitated 
copper, where the last traces of silver were thi’own down. The cupri- 
ferous liquors now falling successively into the series of tubs, i and Tr, 
charged with metallic iron, deposited the greater portion of their copper, 
and were finally conducted into a tank, /, where any traces of copper still 
retained in solution were precipitated by an additional supply of iron 
scrap. The brine, thus freed from silver and copper, was pumped back 
again into the reservoir, /, to be re-heated and again used. 

"When the tubs, a, had been exhausted of silver, tliey were taken on 
the bogie, and placed on a line of rails at right angles to the tramway, 
c, where they were washed, first with liquors resulting from previous 


/ 



Fig. 218 — Auguhtui s Piocess ; xidc clev.ition of plant. 


washings, and finally with water. The washing waters, when sufficiently 
concentrated by repeated use, were treated as silver solutions. After the 
third lixiviation, for which pure water was employed, the tub was taken 
to the tipper, where it was turne<l over and its contents discharged into 
a drainer, w. 

The process of lixiviation may be divided into two periods : the first, 
during which the ore is treated with concentrated hot solutions of common 
salt, occupying about twenty hours. The first period was considered as 
terminated when a piece of bright copper held in the escaping liquor was 
no longer whitened by a deposit of silver, and the tubs were then removed 
upon^the bogie, for the purpose of receiving the second washing ; first 
with weak liquors, and afterwards with water, as above described. 

The products obtained were — ^Firstly : residues in tubs, containing 
from 40 to 65 per cent, of copper, with more or less considerable traces 
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of silver. When found to contain more than 0*03 per cent, of silver 
they were put aside to be again operated on. When affording less than 
that quantity they were passed to the smelting department for the 
production of copper. 

Secondly : cement silver, in a finely divided state, wdiich, after being 
washed with dilute hydrochloric acid, and subsequently with water, was 
j)ress(*d into halls, thoroughly dried, and taken to the refinery. 

Thirdly : cement co])pcr, employed for the precipitation of silver 
during succeeding operations. 

Fourtlily : liquors freed from silver and copper, from which a portion 
of the iron precipitates as a basic salt ; these liquors can be employed in 
lieu of fresh brine, but require to be occasionally freed from sodium 
sulphate by crystallization. 

The expense of treating copper matte by this process necessarily 
varies in accordance with tlie cost of salt, fuel and labour, in the locality 
in which the works may be situated. The loss of silver is from 8 to 12 
per cent. S])eiss yields its silver to this process with more difficulty 
than copper matte. 

ZIKRV0GEL^s Process. — Augustinus process for the extraction of silver 
by hot brine, after being in operation for some years at Mansfeld, was 
superseded in the year 1857 by a simpler and cheaper method introduced 
by Huttenmeister Ziervogel, wdiich has been found to be peculiarly well 
fitted for the treatment of the very pure matter produced there. This is 
also known as Was(fn'lau(/f>rei, or water lixiviation, water being used as a 
solvent instead of cliloride solutions. 

Tliis method is founded on tlie circumstance, that wlien a mixture of 
copper and iron sulphides, containing silver, is roasted in a state of fine 
division, in a reverberatory furnace, ferrous sulphate is first formed. 
This, by further roasting, becomes ferric sulphate, which is finally 
decomposed into ferric oxide. At this period sulphide of copper is 
transformed into cupric sulphate, and on the temperature being further 
increased, cupric oxide is produced and sulphuric acid expelled. Finally, 
silver sulphide is converted into silver sulphate, a salt readily dissolved 
ill wat(‘r, while nearly all the otlier ingredients of the roasted matte are 
insoluble in tliat menstruum. If the roasted material be now lixiviated 
with hot w’ater, the silver will be obtained in a solution, from which it 
can be precipitated in the metallic form. 

Ziervogel’s process, although well adapted for the desilverization 
of the pure copper mattes of Mansfeld, is not generally applicable to 
the treatment of silver ores contaminated by arsenic, antimony, lead, 
or zinc. 

The quantity of silver in the refined copper produced at Mansfeld, 
from residues partially resulting from amalgamation, and partly from 
treatment with hot brine, was (1846-1849) from 0*0388 to 0*0631 per 
cent. ; while that resulting from Ziervogers process contains now only 
0*029 per cent. 
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The copper matte operated on at Maiisfeld is iirst concentrated, and 
afterwards reduced to the state of impalpable powder. Its average 
composition is nearly as follow? : 
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The matte, after being grouiul, is bolti‘d through cylindiical sieves, 
having from 1,400 apertures per square inch, and all particles too coarse 
to pass through the meslies, escape at the lower end of the eylindm’, and 
are returned to be re-ground. 

Roasting . — This operation is conducted in a furnace j)rovided with 
two beds, each 10 feet in length and 8 feet in wi<lth, placed over one 
another. The upper bed is heated from below by the flume and gases 
passing over that beneath it, whilst from above it receives its heat from 
the same gases, which are conducted over its arch in high zigzag flues, 
answering the purpose of condensing chambers. Above these flues are 
cast-iron plates, forming a floor on which the di'5charg(‘d residues are 
dried previous to being smelted for copper. Tlie gases are linally con- 
ducted into a high chimney, wliich is in communication witli st‘veral 
similar furnaces. In order to regulate the admission of air Ijcneatli the 
grate the ash-pit is clo.*5ed, but is in connection with an arched channel 
running below tlie furnaces, and communicating with the atmosphere. 
The amount of air admitted into tlie a^Ji-pit tlirough tliis j)assago is 
regulated by an o])ening, which can he more or less completely closed by 
a sheet-iron door, attached to a regulating bar. There is also an opening 
in the upper bed, tlirougli 'vUiich the partially roasted charge can be 
transferred to the lower one. During the process of roasting this 
opening is closed by an iron plate. 

Each bed is provided with a working-door, and a small flue, f(jr llj(i 
escape of moisture and fumes, connect >> the upper one with tlio condensing 
chambers. 

Each charge for this furnace coiiiii^ts of 5 cwts. of finely divided 
copper matte, 70 lbs. of iinperf(‘ctly desilverized residues from a i)reced- 
ing operation, and 25 lbs. of lixiviated l\.m])S wliich liave become caked 
during a previous roasting. 

The roasting may be divided into tliree periods : — 

1. The materials are fir^t mixed and then spread on the ufiygr 
bed, still hot from the previous charge, and are allowed to remain 
without stirring for about half an hour, in order that th(‘y may become 
perfectly dried. About 5 lbs. of dry ami fimfly jiowdered brown coal 
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are now added, and the whole is well worked, with the rake, for about 
one hour. 

As the air, entering by the working-door, passes directly to the flue, 
tlie roasting in that j)ortion of the funiace progresses more rapidly than 
towards the opposite end ; consequently at the expiration of a certain time 
it becomes necessary to change the position of tlie charge. The material 
between the working-door and the flue is now turned back toward the 
further extremity of the hearth, wdiilc that which originally occupied 
the space between the door and the back of the furnace is spread on the 
hearth between the door and the flue. The mass is then raked for 
another hour, subsequently again turned, and afterwards raked during 
two and a quarter hours, by the two workmen in charge of the furnace, 
alternately. At this period of the operation 25 lbs. of powdered brown 
coal are added to the charge, with which it is well mixed, and the whole, 
in a brightly glowing state, is raked through the aperture in the bottom 
on to the bed beneath. This first stage of the operation of roasting 
occupies five and a half hour'^. 

2. No fuel is thrown on the grate during the second period; the 
partially roasted charge is evenly spread over the surface of the red hot 
lower hearth, where it is continuously raked during about an hour in order 
to prevent caking. The flue between the furnace and condensing cham- 
bers is closed by a damper, in order to prevent a further ribe of tempera- 
ture by tlie rapid oxidation of sulphur, and the combustion of the brown 
coal which has been added. In the course of half an hour the brown 
coal has become entirely consumed, and, after being continuously raked 
during an hour, the position of tlie different portions of the charge in the 
furnace is changed. The danqier is now withdrawn and oxidation is 
accelerated by the aJniission of air during one hour and a half. From 
tliis period the teni])erature of the mass gradually diminishes, and the 
chtirge ultimately assumes a dark colour. 

In order to determine the progress of the operation, and to ascertain 
whether this period should be further prolonged, a sample is taken from 
different parts of the liearth ; this is cooled on a tile, and any lumps it 
may contain are sifted out. The finely divided powder is spread on an 
ordinary white plat(‘, and a vsuflicieiit amount of water is added to moisten 
it throughout. If the resulting solution be of a blue colour, and the 
addition of common salt produces a white precipitate, it indicates that 
the formation of silver sulpliate has commenced, and that the second 
roasting period may bo considered finibhed. Should the washing of the 
samjile yield a greenish solution, indicating the presence of iron salts, 
the operation must be further continued. 

The second period of roasting usually occupies two and a quarter 
hours. 

3. The fuel employed during the third period should be oak, beech, 
birch, or some other hard wood, but fir must be avoided, as it produces a 
smoky flame, exercising a reducing action, resulting in the formation of 
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cuprous oxide and the soi>aration of metallic silver. The flame rises 
from the grate to the arch of the furnace, and docs not come into direct 
contact with the charge lying upon the heartL The dmuglit is regulated 
by dampers in accordance with the direction of the wind, ic. 

The mixture is now thoroughly and continuously worked over by 
the rake, and at the expiration of an hour it has aequirtnl a dull red- 
heat, which is afterwards increased to full redness. Jbit few lumps or 
clots should be formed during the progress of roa.^ting, and these are not 
broken d<nvn but l>ocome more eomivact in proportion us the tcnij)era- 
lure increases. At the expiration of an hour and a half, that portion of 
the charge lying nearest tlie lire-briilge is siifliciently roasted. This is 
determined by lixiviating a >uiiple, which slomld allord a solution 
of a light blue colour and \ield a den<e precipitate of silver chloridi* 
on the addition of solution of common salt. Tlu* charge is now tumeil 
over, and that portion which wa^^ originally fiirth(»>t from the fire-place is 
brought to the bridge end of the hearth. The whole is constantly stirred, 
until a >eooud sample, taken from difh‘n*nt parts of the mass, shows that 
it is ready for drawing. If too much heat i'j applied during this opera- 
tion, silver sulphate becomes decomposed, in which case tlie liquid result- 
ing from washing a sample will he quite free from cupric sulphate, and 
entirely without colour. The third period of roasting occupies five hours 
and a half, thus making the total pi‘riod necessary for the complete work- 
ing of a charge, on the two beds, thirteen hours and a (piarter. 

In the newer furnaces the number of roasting beds is increased from 
two to three and four. The latter, though expensive to build, are con- 
sidered more advantageous than tlie smaller sizes. Tliey aie heated by 
gas instead of wood. 

The loss of .silver experienced during the operation of roasting 
amounts to about 7 percent., and above 91*5 per cent, of the silver origi- 
nally present should be in the form of sulphate in the roasted ore. Tlie 
fume resulting from the treatment of mattes in the roasting furnace 
is collected from the flues and condensing cliamhers, and smelted for 
copper matte. These mattes are rich in silver. 

Lixivintionand Pm'Apitati()7i , — On being "withdrawn from the furnace 
the roasted material is cooled to about 87*" C., and placed, in charges, 
each of 5 cw^ts., in tlie tubs, A, fig. 219, of which there is a scries of ten. 
These are provided witli false bottoms, and with filters constructed in a 
similar way to those employed for the extraction of silver chloride by hot 
brine. A leaden tube, h, 2 inches in diameter, conveys from 2 to 3 
cubic feet of water heated to 87® C. upon the top of the charge, which 
is covered with oakum or straw for its better distribution over the 
surface. As soon as the liquors begin to flow from the tap, c, inserted 
beneath the false bottom, that on the pipe, 7;, is closed, and another, com- 
municating with the pipe, a, of larger diameter, is opened, by which 
water, heated to the temperature before indicated, and slightly acidulated 
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with sulphuric acid, is supplied to the lixiviating tub at the rate of about 
cubic feet per hour. 

The washing is continued until the addition of salt to a 'sample of 
the liquors flowing off no longer produces a precipitate of silver chloride. 
The solution of silver sulphate flows from c, into the first compartment, 
B, of a tank 30 feet long, 2 feet wide, and 1 J feet high. From B the 
liquors enter the compartment, C, by flowing over a division which does 
not quite reach the top of the vessel, and are then distributed, by an 
equal number of taps, into ten precipitating tubs, D, provided with false 
bottoms. Tliis clarifying box, as well as all the other reservoirs em- 
ployed, is provided with a float, d, indicating the height of the liquid. 

Upon the filters of the tubs, I), are placed layers of cement-copper 
about 3 inches in thickness, above which are laid about twenty copper 



Fig. 21‘» — Ziervogerb riocess ; transverse section of i)lant. 


bars 14 inches long, 5 inches broad, and 1 inch thick. The greater 
portion of the silver is precipitated in these tubs, and the liquors, on 
leaving them, are received in the lead-lined trough, E, 15 inches in 
width, and G inches in depth, on the bottom of which is a layer of small 
pieces of sheet-copper. They then flow into the tubs, F, which have 
false bottoms, and contain a little granular copper and a few bars of the 
same metal. The desilverized liquors, which have now a temperature 
of about 56° C., are conducted by the gutter, into a leaden reservoir, 
whence they are pumped into a leaden pan, capable of containing about 
70 cubic feet, where they are heated to 87° C., and again employed for 
lixiviation. Half a pound of sulphuric acid is added to each charge of 
the leaden pan, and has the effect not only of facilitating the solution of 
silver sulphate, but also of preventing the separation of basic salts. The 
precipitated silver is removed from the tubs, D, every twenty-four hours, 
and the filters are taken out and cleaned once a week. 



732 


ELEMENTS OP METALLURGY. 


The precipitated silver is chiefly contaminated by the presence of 
copper and gypsum, and is reduced to powder by being pounded with 
wooden pestles. It is subsequently lixiviated for several days with sul- 
phuric acid, diluted with eight times its volume of water, in nine tubs, 
H, in order to remove as much as possible of the remaining copper salts 
and gypsum, and is finally washed with hot water. The liquors result- 
ing from washing rise through L, and are conducted, by the trough, M, 
first, over metallic copper, and afterwards into tanks containing scrap- 
iron ; the water from the final washing is run olf at X, and conducted, 
by a gutter, to a lead-lined tank. 

The washed silver is moulded into blocks dried in a kiln, and refined 
in a reverberatory furnace. When tlie residues are found by assay to 
contain less than 0*03 per cent, of silver (10 ounces per ton), they 
are removed, to be treated for copper. 

The desilverized liquors are from time to time purified, by throwing 
down the copper by metallic iron, and the precipitated copper, obtained 
in the ordinary course of working, is divided into two cla^^ses by washing 
and decantation. The more granular portion is employed for the preci- 
pitation of silver, whilst the otlier, which is contaminated by basic salts, 
is treated directly for the production of copper. 

Extraction in Colorado. — At Black Ilawk,^ Colorado, a great 
variety of pyritic and an^cnical ores containing (‘opper, silver, and some 
gold are treated by a combination of the Ziervogel and Augustin 
extraction processes. The ores are roasted, partly in heaps and partly in 
calciners, and smelted, with additions of rich &lag<, unhurtit pyrites, and 
fluor-spar, to coarse metal containing 25 to 30 per cent, of cop])er, 600 
to 1,000 ounces of silver, and 20 to 30 ounces of gold j)er ton. Tlii^ is 
reduced to a fine powder by grinding and sifting, and roasted for sul- 
phates by two operations. The first, lasting twenty-four hours, is done in 
a calciner, about 30 feet long, holding 3 tons ; and tlie second in a smaller 
one taking a charge of IG cwts. Wlien tlie copper salts are completely 
decomposed, the silver sulphate is extracted by boiling water and reduced 
by cementation with copper in the manner previously described. Tlie 
residues from tlie extraction, containing all the gold and about G per 
cent, of tlie original amount of silver, are mixed with telluride ores rich 
in gold, and smelted to white metal containing GO per cent, of coppcT, 
150 ounces of silver, and 50 or GO ounces of gold per ton. The white 
metal is subjected to the selecting process of the Welsh smelter (page 
427), giving copper bottoms with nearly the wliole of the gold, and 
jumple metal with 75 per cent, cojiper, 2 ounces of gold, and 150 ounces 
of silver per ton, which is again selected, giving bottoms that are less 
auriferous than the first and an argentiferous regulus. Tlie latter is 
roasted and washed with hot water, but for complete desilverizatiun it 
is necessary to subject it to a further roasting and extraction with salt. 

^ This account refers to 1879. The works have since been removed to Denver, 
where the same process is followed with some modiiications. 
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The final residues are smelted for copper. The treatment of the auriferous 
bottoms is noticed subsequently under gold. 

Von Patera’s Process. — Dr. Percy, in 1848, first suggested the 
extraction of silver from argentiferous ores by its conversion into chloiide 
and subsequent solution in sodium hyposulphite. This paper, which 
ultimately fell into the hands of Von Patera, resulted, in 1858, in the 
introduction, at Joachimsthal, of the process now bearing his nama The 
ores from that district are remarkable for the diversity of their con- 
stituents, and in addition to silver contain copper, lead, bismuth, iron, 
nickel, and cobalt, associated with sulphur, arsenic, and antimony. 
Mining operations in the vicinity of Joachimsthal, although less pro- 
ductive than formerly, still yield a certain amount of argentiferous ores 
of extraordinary richness. Those treated by the process under considera- 
tion contain, on an average, between 2 and 3 per cent, of silver, and small 
parcels are sometimes operated on which yield as high as 15 per cent, of 
this metal. The only fuel to be obtained at a moderate price in the 
district is lignite, but labour is abundant and moderately cheap. 

The extraction of silver from its ores by this process coiiq^rehends 
the following manipulation : — 1st. Roasting with common salt, until 
the silver has been converted into chloride. 2nd. Dissolving out the 
silver chloride by a cold dilute solution of hyposulphite of sodium. 
3rd. Precipitating the silver in the form of sulphide, from its solution 
in sodium hyposulphite, by the addition of sodium sulphide, 4th. The 
silver sulphide thus obtained is reduced to the metallic state by exposure 
in a muffle to a high temperature. 

Roasting . — The ores, on arriving at the works, if not sufficiently 
reduced in size, are ground, and then roasted in a furnace, into which 
superheated steam is introduced. 

This aj^paratus, instead of liaving the usual long hearth, broad fire- 
bridge, and wide fire-place, has a hearth 9 feet 6 inches in width, measur- 
ing only 6 feet from the bridge end to the take-up of the flue leading to 
the chimney. 

The grate, which is very narrow, is four-fifths of the length of the longer 
axis of the hearth, from which it is divided by a fire-bridge enclosing an 
iron tube, protected by clay, and pierced with eight or ten small holes on 
the side furthest removed from the grate. A charge of 400 lbs. of the 
ore to be operated on is spread on the hearth of this furnace, and the 
heat gradually and cautiously raised, in order to avoid agglomeration. 
Ko steam is admitted during the first stage of the operation, but as soon 
as the charge has attained a red heat as much is turned on as can be 
introduced without materially reducing the temperature. At the expira- 
tion of four hours from the time of charging, the ore is withdrawn, and, 
after being allowed to cool, is ground in a mill to the state of a fine 
powder, with the addition of from 6 to 12 per cent, of common salt, and 
from 2 to 3 per cent, of ferrous sulphate. 

A charge of this mixture, weighing 3 cwts., is introduced into a 
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furnace similar to that employed for the first roasting, and the second 
roasting is commenced. The charge is spread evenly over the surface 
of the hearth, and as soon as a red heat has been attained steam is 
admitted as before, care being taken, by constant stirring, to prevent 
agglomeration. The temperature is gradually increased, and at tlie 
expiration of from eight to sixteen hours, according to the richness and 
the composition of tlie ores, the operation is linishod. 

The addition of ferrous sulphate to the partially desul})hurized ore 
is for the purpose of effecting the decomposition of common salt in 
case a sufficient amount of other metallic sulpliatcs should not be pro- 
duced. The introduction of aqueous vapour is thought to facilitate 
the chemical decompositions going on in the furnace, and to assist in 
the condensation of fumes in the flues and chambers prepared for that 
purpose. 

The roasted and finely divitled ore, containing silver in the state of 
cliloride, is now taken to the lixiviating shed. 

LUiriaiion with Water , — In addition to chloride of silver, which is 
insoluble in water, the roasted ores contain variable (juantities of copper, 
zinc, iron, nickel, and cobalt, wliich, being present cliiefly in tiic form of 
chlorides and sulphates, are dissolved by washing in a row of tubs, 
each containing 400 lbs. of roasted ore, hot water being allowed to jier- 
colate through the several charges during a period of six hours. By this 
means the soluble salts arc removed, and the liquors passing through the 
filters are conveyed by a trough, h (lig. 220), into a tank, wliero the 
metallic oxides are precipitated by lime-water. The precipitate thus 
obtained is subsequently fused with a mixture of residues and poor ores 
in a blast-furnace. 

The liquors draining into the trough are from time to time tested by 
sodium sulj»liide, and as soon as a precijiitate is no longer obtained on the 
addition of a drop of this reagent, the operation is considered finislied, 
and cold W’ater is passed tlirough the tubs bn- the imrpoae of lowering 
the tempeniture of the residues. 

Lixiviatiuii with Sodium Hii'p*mtidiite . — The residues remaining in 
the tubs, A, after the removal of the various salts s(duble in hot water, 
are transferred to the tubs, B, wliich are also provided with Alters and 
false bottoms. At Joachimsthal seven of the^e are employed, and are 
placed on a level with the tulis, A (of which there are several), between 
which and the vessels, B, is a tramway, on wliich is the bogi(*, c. The 
tubs, B, stand on trucks, c', which can be run on to the bogie, e, and 
made to traverse, either backAvanh or forwards, in front of the row of 
tubs, -A. The vessel, B, after receiving a charge of 200 lbs. from the 
tub. A, is removed to its position on the other side of the tramway, 
w’here it is treated with the solution by which the removal of the silven- 
is effected. 

This consists of a cold solution of sodium hyposuljfliite, 1 cubic foot 
of which is capable of dissolving 0753 lb. of silver. This is conveyed 
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tlirougli the trough, h\ and allowed to filter slowly through the mass. In 
this way the silver chloride is gradually taken up in the form of a double 
salt, which, passing beneath the false bottom into the trough, d, is conveyed 
to the precipitating tubs. 

The duration of this operation is, to a considerable extent, influenced 
by the richness and composition of the ores, as well as by their state of 
mechanical division. Parcels containing 15 per cent, of silver are not 
sufficiently impoverished by lixiviation in less than forty-eight hours, 
whilst ores containing 1 per cent, can be treated in about twelve hours. 
Ores which do not contain above 7 per cent, of silver require but one 
cliloridizing and lixiviation, but when richer samples aie operated on, two 
successive roastings and lixiviations become necessary. During the second 
roasting addition is again made of salt and ferrous sulphate. The lixi- 
viation is considered complete wlien the liquors dropping from the tubs 
no longer afford any traces of a precipitate on the addition of a drop of 


ny 
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sodium sulpliide. The residues are dried and fused with iron pyrites in 
a blast-funiace. 

Precipitation of Sit rev , — Tlie liquors passing through the filters at the 
bottom of the tubs, P, are conducted by the trough, d, into the vessels, 
E, F, of wliich tliere are ten ; six holding 40 gallons each, and four of the 
rapacity of 80 gallons. The precipitant employed is prepared by fusing 
soda-ash with sulphur, dissolving in water, and boiling tlie solution with 
excess of sulphur. The liipior thus obtained, which contains sodium 
pentasulphide, wdth a small amount of hyposulphite of sodium, is conveyed 
to the precipitating vessels in large stoneware jars, and is poured into the 
argentiferous solutions so long as a precipitate is thrown down on the 
addition of a further quantity. 

The contents of the tubs are first well stirred and then allowed to 
settle, and a sample of the clear liquid having been taken in a test tube, 
a few drops of the precipitating solution are added. If a dark-coloured 
precipitate is the result, it shows that a certain amount of silver still 
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remains in solution, and a further addition of the precipitant is necessary. 
If, on the contrary, no precipitate takes place, it becomes probable that 
too large an amount of sodium sulphide may have been added. In order 
to determine this point, some fresh liquor, holding the double salt of silver 
in solution, is added to a sample taken from the tub under treatment. 
Should a precipitate be thus obtained, argentiferous liquor must bo 
cautiously added to the tub until no further reaction takes place. When 
this point has been attained all doubt as to whether the whole of the silver 
has been precipitated, on the one hand, and no excess of the precipitant 
lias been employed on the other, is removed by taking two samples of the 
supernatant liquors, to one of which a few drops of a weak solution of 
sodium sulphide are added, whilst into the other a small (piantity of 
solution of acetate of lead is introduced. If the a»ldition of sodium sul- 
phide produces no precipitate of silver sulphide, it shows that the whole 
of that metal has been removed, and should no discolouration take place 
on the addition of the solution of the lead salt, it indicates that the pre- 
cipitant has not been added in excess. 

The exact neutrality of the residual liquid is necessary in order to 
obtain satisfactory results, since the liquors from which the silver has been 
precipitated are employed in the next operation. The presence of an excess 
of sodium sulphide would evideuily convert a portion of the silver into 
insoluble sulphide, whilst the addition of too small a (piantity of this pre- 
cipitant would leave chloride of silver in solution, and thereby diminish 
the solvent powers of the liquors for that salt. 

Six hours after the addition of the sul])hid(* solution the flocciilent 
precipitate has .sufficiently settled to admit of the su])criiatant liquor being 
syphoned off into a tank, situated b(‘low the level of the floor. It is 
thence pumped to the level of the trougli, h\ to be agfiiii used in the 
proce.ss of dissolving. The sulifliide of silver is drawn off ])y the taps, e, /, 
and placed in a filter-bag of canvas to drain. 

Instead of any loss of sodium hypo.sulphite being experienced during 
the working of this i)rocess, a gradual increase of that salt is the result. 
This arises from tlie action of tlie air on the precipitating li(]Uors, and 
consequently the .solutions employed for dissolving cliloride of .silver require 
to be occasionally diluted by the addition of water. The yield by this 
process amounts to 88 per cent, of the silver pn^setit in the ores treated. 
From 1 to 2 per cent, is finally lost, and the remainder is feumd in inter- 
mediate .products. The cost of materials and labour amounted, in 1862, 
to about 8.S. 6d. per cwt. of ore treated. 

Treatment of Silver Sulphide , — Tlie sulphide of silver, removed from 
the tubs, E and F, is placed in conical canvas bags, G, siijiported on wooden 
frames, and allowed to drain. After standing about lialf an hour, the 
bags, with their contents, are placed under a screw press, and as much as 
possible of the remaining moisture is expres.scd. The precipitate is now 
removed from the bags, dried in a warm room, and afterwards washed 
in similar filters with warm water. The silver sulphide, tlius freed 
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from soluble salts, is again dried and subsequently heated to redness in a 
muffle to which atmospheric air has free access. In this way the greater 
portion of the sulphur is burnt off, leaving a residue which contains from 
60 to 80 per cent, of silver. 

This residue is fused in large graphite crucibles, and any sulphur 
it may still retain is removed by the addition of metallic iron ; the 
ferruginous sulphide thus produced is skimmed off, and added to the 
roasting mixture, in place of ferrous sulphate. The surface of the metal 
is finally cleaned by adding a small quantity of a mixture of bone-ash 
and wood-ashes, which, on being scraped off, leaves metallic silver of 
from 940 to 960 fine. 

Residues . — The extraction residues which contain nickel and cobalt, 
and are not perfectly desilverized, are, together with the precipitate by 
lime-water, smelted with additions of low-produce silver ores, 10 per cent, 
of pyrites, 12 per cent, of slags, and sufficient lime for fluxing. This 
gives a matte of variable composition, but averaging 17 per cent, of 
nickel and cobalt, which is re-melted with addition of sodium sulphate, 
moistened, allowed to fall into powder by exposure to the atmosphere, 
and subsequently lixiviated to remove soluble salts. The residue, which 
is rich in silver, is fused with arsenical pyrites for the production of 
speiss and copper matte. The foimer is purified by re-melting, and tlie 
copper matte is treated for silver and copper as before. 

Russell’s Process. — Tlie hyposulphite extraction process, cither in the 
original form prescribed above, or in Kiss’s modification, using calcium hypo- 
sulphite and sulphide instead of the corresponding sodium compounds, 
lias been largely adopted in the United States and Mexico ; but there are 
certain difficulties in applying it to the treatment of mixed or base ores. 
When lead is present it becomes partially dissolved, since lead sulphate 
is soluble in hyposulphite solutions, while if the ore contains copper 
it will be precipitated with the lead and silver by alkaline sulphides, 
thus somewhat complicating the subsequent treatment of the resulting 
product. 

According to a recent paper by !Mr. C. A. Stetefeldt,^ a new process, 
invented by Mr. E. H. Russell, of Park City, Utah, involves important 
reactions not previously described. 

Lead may be completely separated from a sodium hyposulphite solu- 
tion, in the form of carbonate, by sodium carbonate; without precipitat- 
ing either silver or copper, which, remaining in solution, are obtained as 
sulphides, by the addition of sodium sulphide. If calcium sulphide were 
employed for this purpose, the lime salts contained in the regenerated 
lixiviation solution would subsequently be precipitated with the lead as 
carbonates on the addition of sodium carbonate. 

The solution of a double hyposulphite of copper and sodium, formed 
by mixing sodium hyposulphite with sulphate of copper, is stated to exert 
a powerful decomposing and solvent action upon metallic silver, its sul- 

^ * Proceedings of the American Institute of Mining Engineers,’ May 1884. 

3 A 
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phides, sulpharsenides, and sulpliantimoiiides, whereas the simple alkaline 
hyposulphite solution dissolves only chloride of silver. If, therefore, a 
charge of ore is first washed by a solution of sodium hyposulphite to re- 
move chloride of silver, and afterwards with cuprous hyposulphite, the 
solution of the latter salt being called by the inventor the ‘‘extra solution,” 
an additional amount of silver is obtained, which would have been lost in 
the tailings if treated b}’ sodium hyposulphite alone. 

The process may also bo employed to extract silver from unroasted 
ores, or after they have experienced an oxidizing calcination, without 
chloridizing. 

The mixed sulphides of copper and silver obtained as a precipitate, 
are dissolved in nitrated sulphuric acid, the escaping nitrous fumes being 
re-converted into nitric and nitrous acids in the usual way. From the 
solution silver is precipitated by metallic copper, while copper sulphate 
is obtained by crystallization. A portion of the latter is used in preparing 
the “extra solution.” 

The process has been tested upon a working scale at the Ontario Mill, 
Ftah. 

The mixed sulphides, when treated by roasting and fusion, yield 
silver of from 874 to 876 fine, while a regulus containing from 24 to 27 
per cent, of copper, and from 2,700 to 3,000 ounces of silver per ton, 
is formed to the extent of about 75 per cent, of the weight of the bullion 
obtained. 

By a new method of treatment the mixed sulphides, collected on a 
filter-press, are dissolved, without previous drying, in sulidmric acid to 
which sodium nitiute has been added. No heat is required, the reaction 
being very violent. Gold, if present, is not dissolved, but remains with 
any silver chloride which may result from the presence of chlorine either 
in the acid or in the sodium nitrate. Sulphur separates in globules, winch 
are employed in the preparation of sodium sulphide. 

The argentiferous solution is drawm off into a tank, where the silver is 
precipitated by metallic copper. Sulphate of coj)per is obtained from 
these liquids by cr}\stallization, and tlie nitrous gases are recovered by 
passing them through a coke tower with a spray of water or sulphuric 
acid. Ores treated by this process arc stated to yitdd from DO to 94*4 per 
cent, of the silver they contain. 

On comparing it with amalgamation, to which Mr. Stetefeldt regards it 
as superior both from .^-anitary and economic points of view, he considers it 
likely to effect a revolution in the treatment of silver ores, and a diminu- 
tion of working expenses such as lias been rarely witm^ssed in the history 
of metallurgy. Statements upon this subject are of a conflicting character, 
but up to the present time the anticipations expressed above have not been 
realized. 

Clatoet's Process. — The object of this process is the recovery of 
the silver whicli, in the form of chloride, is dissolved in the liquors 
resulting from the treatment of cuprous pyrites by the wet method of 
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extraction. These contain a large amount of undecomposed common 
salt, which dissolves the silver chloride, and from which, formerly, it was 
found impossible to precipitate the silver in a concentrated form. 

It has long been known to those engaged in copper-extraction that 
the copper-precipitate produced from Spanish and Portuguese ores con- 
tains not only a notable quantity of silver, but also distinct traces of gold. 
No successful attempt to separate the precious metals and to turn them 
to profitable account had, however, been made up to the commence- 
ment of the year 1870, when Mr. P. Claudet patented a process for their 
separation from ordinary copper liquors by the addition of a soluble 
iodide. 

The amount of silver present in burnt ore seldom exceeds ounce 
per ton, but as the whole of this is never obtained in solution, it 
follows that, in order to obtain satisfactory results, in dealing with 
such minute quantities, the process employed should be both cheap and 
expeditious. 

The vats in which burnt ore, which has been roasted with salt, is 
lixiviated, generally receive some eight or nine successive washings 
with water, with weak liquors, and with water acidulated by hydrochloric 
acid. Of these washings the first three only contain a sufficient amount 
of silver to be worth working. 

For the purpose of removing the soluble salts from the ground and 
roasted ore, hot water is first employed, and, as a large proportion of the 
sodium chloride used remains undecomposed, it acts as a solvent for the 
silver chloride produced during the process of furnacing. 

The analysis of a first washing from a copper tank gave Mr. Claudet 
the following results : — 


Analysis of Strong Liquors. 


Sp. (Jr. = 1*240. 


Na..,S04 

NaCl 

Cl (combined with other metals) . 
Cu 


Contents per Gallon. 
Grains. 

. 10,092 
• 4,474 

. 4,630 

. 3,7001 


The respective amounts of copper, chlorine, sulphur, and silver con- 
tained per gallon in nine successive washings of one tank of ore are 
given in the following table : — 


1 405 grains of this copper existed in the state of cuprous chloride. 


Zn 

Pb 

Fe 

Ca ..... 

Ag 

As, Sb, Bi, &c., not estimated. 


480 

40 

32 

62 

3*06 


Proportion of Cu to Ag = 10,000 : 8*2. 
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Liquors rksultinq from Nine Washings op One Tank op Ore. 


No. of Washing. 

Sp. Or. 

No. of Grains per Gallon. 

Cu. 

Cl 

S.{ 

Ag. 

1st • 

1-286 

6,230 

10,798 

1,324 


2nd .... 


4.600 


1,455 


8rd . 

1-175 

1,935 

3,216 

1,881 


4th ... . 


646 

717 

1,255 


1 6th .... 

1-095 

666 

643 

1,486 


«th . 


692 

544 

1,588 


' 7th . 

1*060 

842 

217 

938 


8th . 

1*030 

200 

... 

434 

0-06 

1 9th . 

1-020 

! 117 

... 

294 

0-04 


Washings 1 and 2 contain 82*50 per cent, of total silver. 

, 1,2 and 3 contain 94*30 „ $t 

The various operations for the extraction of silver are conducted in 
the following manner, and as the first three washings contain nearly 95 
per cent of the total amount of that metal dissolved, these alone are 
treated. 

The lii^uors are first run into wooden cisterns, each having a capacity 
of about 2,700 gallons, where they are allowed to settle. 

Estimation of Silver in the Liqufji's , — The yield of silver per gallon is 
now ascertained by taking a measured quantity, to wliicl^ #ro added hydro- 
chloric acid, potassium iodide, and a solution of acetate of lead. The 
precipitate thus obtained is thrown upon a filter, and, after being dried, 
is fused with a flux consisting of a mixture of sodium carbonate, borax, 
and lamp-black. The resulting argentiferous lead i.s })assed to the cupel, 
and, from the weiglit of the button of silver obtained, the amount of that 
metal in a gallon of liquid is estimated. 

Precipitation of Silver . — The liquor from the settling vat is allowx*d 
to flow into another of slfghtly larger capacity, whilst at the same time 
the exact amount of some soluble iodide, necessary to pr(*cipitate the 
silver present, is run into it from a graduated tank, togetluT witli a 
quantity of water equal to about one-tenth of the volume of the copper 
solution. During tlie filling of the second tank its contents are con- 
stantly stirred, and, u hen filled, it is allowed to settle during forty-eight 
hours. 

The supernatant lif|uors are, a "ter being assayed, run off, and the tank 
is again filled. About once a fortnight tlwi j)reci])itatc collected at the 
bottom is washed into a vessel prepared for its recej)tion. 

This precipitate is comjxised cliiefly of a mixture of lead sulphate, 
lead chloride, silver iodide, and subsalts of copper, from which the latter 
salts are readily removed by washing with water acidulat(*d by hydro- 
chloric acid. When thus freed from copper salts, the precipitate is do- 
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composed by metallic zinc, which reduces the silver iodide, and the lead 
chloride. The results of this decomposition are — 

First, a precipitate rich in silver, and containing a certain amount of 
gold. 

Second, zinc iodide, which is employed in subsequent operations to 
precipitate further quantities of silver, when its strength in iodine has 
been determined. 

The more important constituents contained in a sample of the pre- 
cipitate were estimated with the following results : — 

Analysis of Silver Precipitate. 



Moisture 25 per cent. 

oz. 

dwt. gr. 

Ag . 

. . . 12*500 per cent. = 4,083 

0 0 per ton. 

Au . 

. 0*0965 = 31 

10 0 „ 

Zn . 

. 1*440 


Pb . 

. 58*400 


Cu . 

. 0*600 


CaO 

1*10 


Fe . . 

0*70 


SOa . 

6*68 


Insoluble . 

7*60 



Mr. Claudet’s process for the recovery of silver is now universally 
adopted by copper-extractors throughout Europe, and annually yields 
large amounts of silver and gold, which, previous to its discovery, were 
entirely lost to commerce. 

The production of tlie precious metals by this process in the United 
Kingdom alone have been as follows : — 



Silver. 

Gold. 


Ounce*?. 

Ounces. 

1870 to 1879 .... 

492,727 

1,926*6 

1880 

206,981 

1,047*6 

1881 

258,463 

1,489*8 

1882 

377,189 

1,518*9 

1,983*2 

1883 

356,349 

To January 31st, 1884 

1,691,709 

800,000 

7,965-1 

Estimated 1884 and 1885 . 

4,000 


2,491,709 

11,965 


The patent having expired early in 1884 no record has since been 
kept of the quantities of silver and gold annually extracted, and the 
amounts since that date are estimations only. The total cost of treating 
the liquors from 1 ton of cupriferous pyrites by the Claudet process is 
about 8d., and the value of silver and gold recovered from each ton of 
Rio Tinto burnt ore is 6s. 
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GOLD. 

Gold is possessed of a characteristic yellow colour, and is the most 
malleable of all the metals. One grain of gold may be beaten into a leaf 
having a superficies of 56 square inches, which, from this measurement, 
and the known specific gravity of the metal, is calculated to have a thick- 
ness of only one 280,000th of an inch. 

^ATien in extremely thin leaves, g(fid is, to a certain extent, trans- 
lucent, and, on being held between the observer and tlie light, appears of 
a greenish colour. "NMien large quantities of gold are fused, and allowed 
slowly to cool, octahedral crystals, frcipiently modified on their edges and 
angles, are obtained. Native gold likewise affords numerous crystals 
belonging to the cubic system, but in the greater number of these the faces 
of the octahedron predominate. The specific gravity of gold is 19*50. 

Gold fuses at a temperature of about l,10:i^ C., and when still more 
strongly heated, affords sensible metallic vapours. If a powerful electric 
discharge be passed through a fine gold wire it becomes dissipated, and 
a sheet of white paper held beneath is stained with a purple line caused 
by a deposit of minutely divided gold. If, instead of a slieet of white 
paper, a plate of polished silver be employed, it is traversed by a brightly 
gilded line firmly attached to its surface. A globule of gold, exposed 
between carbon electrodes to the action of a powerful voltaic current, 
enters into fusion, and gives off abundant metallic fumes, by which its 
weight becomes rapidly diminished. 

When precipitated from its solutions, gold assumes a dark brown 
colour, but on being rubbed by a piece of polished st(‘el, or otlier hard 
surface, it readily assumes its ordinary colour and metallic as[>ect. If 
precipitated gold in this form be strongly heated, and, when in that state, 
struck with a hammer, particles become welded and united into a solid 
mavss, without their having undergone actual fusion. 

The gold u.sed in tlie manufacture of jewelry, as well as that employed 
for being coined into money, is iuvarialdy alloyed with some other metal, 
such as copper, and is therefore never pure. Pure gold may be inde- 
finitely exposed to the action of air and moisture without becoming 
tami&hed, nor is it oxidized by Ixjing kept in a state of fusion in open 
vessels. Neither sulphuric, hydrochloric, nor nitric acids attack gold, 
even when in a finely divided state ; but by aqua regia it is readily 
attacked, and dissolved in the form of auric chloride. (Jold may also 
be dissolved by hydrocldoric acid to which some substance capable of 
liberating chlorine lias been added. Among these may bo mentioned 
chromic acid and peroxide of manganese. 

Bromine, even in the cold, attacks tliis metal, although by iodine it 
is but sparingly acted on, even by the aid of hf*at. Gold is not directly 
attacked by sulphur at any temperature, but wlien fused with alkaline 
sulphides, is rapidly acted on with the formation of double sulphides. 
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Gold Ores. 

Gold occurs in the metallic state, alloyed with more or less silver, 
and frequently with minute quantities of copper and iron. It is also 
occasionally found in combination with the rare metals palladium and 
rhodium, as well as with mercury, forming a native amalgam. With 
tellurium it forms several compounds of great mineralogical interest, and 
of some commercial importance. 

Native Gold. — This generally presents a characteristic yellow colour 
somewhat paler than that of the refined metal, hut its natural surfaces 
are sometimes dull or tarnished, and require to be rubbed wfitli some hard 
substance l)efore they assume the ordinary appearance of gold. The 
hardness of gold is less than that of iron, copper, or silver, but 
greater than that of either lead or tin. When broken by repeated 
bendings it presents a matted silky structure, which is more or less fine, 
in accordance with the purity of the specimen. Native gold occurs 
crystallized, in branches, filaments, and plates, and in disseminated 
grains, mixed with, and forming part of, various alluvial deposits. 
Crystalline specimens are likewise numerous, the octahedron being 
generally the dominant form. Crystals of gold seldom occur isolated, 
but are more frequently grouped in irregular branches. Their faces 
are often dull, and sometimes slightly rounded, even in specimens 
directly extracted from the vein, which cannot have been exposed to 
attrition. 

The aggregations of gold which sometimes occur in auriferous veins, 
when closely examined, are often found to consist of a series of minute 
octahedra, implanted one upon another, so as to form a kind of chain. 

The grains and fragments found in alluvial deposits vary greatly in 
size, but are generally small, constituting ‘‘gold dust.” When of the 
size of a nut and upwards they receive the name of “nuggets”; and 
in some localities such pieces are not of unfrequent occurrence. 

A nugget was once discovered in Cabarrus County, North Carolina, 
%veighing 37 lbs. troy. In Paraguay, masses of gold varying from 1 to 
50 lbs. in weight, have been obtained. Various lumps varying from 16 
to 17 lbs., and one weighing 27 lbs., have been found in the Ural district. 
In the valley Taschku Targanka a fragment was met with, in 1842, 
which weighed nearly 100 lbs. This specimen has been deposited in the 
Museum of Alining Engineers at 8t. Petersburg. Large specimens of 
gold have been obtained from California, and very large masses have 
been found in the Australian diggings. The “Welcome Stranger,” 
found near Dunolly, Victoria, affoixled 2,268 ounces of gold. 

The composition of native gold, obtained from different localities, is 
given in the following table, from which it will be seen that it is essen- 
tially an alloy of gold and silver. The specific gravity varies from 
14 '4 to 19*3, being lowest in the most argentiferous kinds. The term 
elecinim is sometimes given to native gold in which the proportion 
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of silver is ono-tliird or more. This is of a pale primrose or straw 
yellow tint. 

Analyses of Native Gold. 


Lt)cahty. 


Au. 

Ag. 

Fe. 

Cu. 

Analyst. 

Transylvania, Vurospatak 

. , 60*49 

38*74 



Rose. 

„ Barbara 


. 84*80 

14*68 

0 18 

0*’o4 

tf 

Beresof . 


. 91*88 

8*03 



»« 

Sinuiovski, Altai 


. t 60*98 

38*38 


0*33 


Brazil 


. 1 94*00 

5*85 


... 

Darcet. 

Bolivia, Ancota 


. 94*73 

5*23 

0 01 


Forbes. 

„ Tipuani 

N. Grenada, Bogota 


. 91*96 

7*47 

trace 


»» 


. 9*2 00 

8 0»> 

... 


Bouss. 

„ Trinidad 


. , 8*2*40 

17*60 



>1 

Peru, Garabaya 


. 1 97*46 1 

2*54 ; 

... 


Forbes. 

„ Yongas. 


. ' 79*89 . 

20*11 . 

... 


♦♦ 

Nova Scotia, Tangier 


. 98*13 ' 

1*76 ‘ 

trace 

o 

o 

C.I 

^larsh. 

California 


. 90*70 i 

8*80 ! 

0-38 


Kivot, 

»» • • 


. , 90*96 

9*04 ' 

... 


Oswald. 

Canada, Chaudiore . 


. 89*24 

10*76 ; 



S. Hunt. 

Australia 


. 1 99*28 . 

0*44 

0*20 

0*07 

Northcote. 

„ Bathurst . 


. ' 95*68 I 

3*92 ' 

016 


Henry. 

„ Mitta Mitta 


. 89 ■.^»7 . 

10*43 

• •• 


Ward. 

Tasmania, Giandara 

. 

. 9*2*77 

7*23 



»» 

„ Black Boy Flat 

. 94*95 

4*66 

0*08 




Accoixliiig to Dana, the average lineness of the native gold of Cali- 
fornia is 880 thou.^andtlis. Australian gold is purer than Californian, and 
averages from 900 to 9C0 thousandths of pure metal. The gold of 
Canada contains from 10 to 15 per cent, of silver, while that from Nova 
Scotia is generally very pure, 

TeJhiride Ores. — In the few localities producing tellurium it is almost 
invariably associated with gold and silver, forming several minerals, of 
which the following are the most important ; — 

Petzite (AgAu)oTe, containing from 18 to 2C per cent, of gold, occurs 
in Transylvania (Nagyag, Olfenbanya, and Kezbanya), California (Calaveras 
County), and Colorado (Gold Hill district). 

Ilemte is a silver telluride of the .same constitution, free from gold. 

Sfjlvanite or Graphic Tellurium (AuAg)Te 2 , is the most abundant 
tellurium mineral at Nagyag. It occurs in twins and other groups of 
silvery white crystals, resembling Hebrew characters intersi>ersed in quartz 
vein stuff. It is also found in the American localities. The proportion 
of the gold is from 25 to 27 per cent., and of silver 11^ to 13 per cent. 

Calavrrite is a more auriferous variety of a brassy yellow, with gold 
39 and silver 33 per cent., found in some quantity at Gold Hill, Colorado. 

NagyoijitOy Foliated or lit uric Tellurium (rbAu)(TeS)jj, is a dark, lead- 
grey, foliated mineral, somewhat like aiitimonite, characteristic of the 
Transylvanian mines. A typical sj)ecim(*n contained — 

H) An. 'Kk, Cu To. 8. 

60*95 9*10 0*53 0*99 30*09 9*70 per cent. 

Sometimes antimony is present up to about 4*5 per cent. 
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All the telluride ores are fusible at a low heat, and are very easily 
decomposed by air or alkaline fluxes on charcoal, leaving a residue of 
gold or auriferous silver. 

Bismuth, like tellurium, combines with gold, but the only definite 
compound described is maldonite (Au 2 Bi), from Maldon, Victoria. This 
contains gold 64*5 and bismuth 35*5 per cent. Native bismuth from 
Australia and South America is often notably auriferous. 

Arsenical-, magnetic-, and ordinary iron-pyrites, when present in auri- 
ferous veins, almost invariably contain gold, from a few grains to a few 
ounces per ton, and often constitute the most valuable portions of such 
veins. A trace of gold may be found in galena by operating on a large 
quantity, but the lead smelted from it is rarely auriferous unless pyritic and 
antimonial ores accompany it, and in such cases the gold goes rather with 
the copper than with the lead. 

Distribution of Gold. 

Gold appears to be as widely distributed as the other metals, but 
it usually occurs in such minute quantities that it may escape observation 
even when sufficient is present to pay the cost of extraction. 

Native gold, in sitUy is most frequently met with in quartz veins inter- 
secting metamorphic rocks, and is, almost invariably, associated with 
iron pyrites and other metallic sulphides, such as galena, blende, &c. 
The rocks enclosing gold veins are mostly chloritic, talcose, and 
argillaceous slates, and, less frequently, they are met with in mica schist, 
hornblendic slates, gneiss, diorite, or porphyry. Auriferous veins also 
occur in granite. Itacolumito, a laminated talcose quartzite, is common 
in some gold regions, in Brazil and North Carolina, and schists contain- 
ing specular iron or granular magnetite sometimes contain gold. 

The gold of quartz veins occurs in the form of plates, strings, and 
thin scales, as well as in crystalline grains ; these are frequently apparent 
to the eye, but rock showing no visible traces of gold is often sufficiently 
rich to admit of being treated with profitable results. 

It is not, however, from the treatment of auriferous quartz that the 
gold of commerce has been mainly derived ; a very large proportion of it 
having been obtained from alluvial diggings, in which gold is separated 
from its associated sands and gravels by washing. 

In such deposits nature has, on a vast scale, performed the operations 
of crushing and concentration, and has finally deposited the gold in posi- 
tions from which it can be cheaply extracted. To this circumstance are 
mainly attributable the sudden fluctuations which have, from time to 
time, taken place in the gold-production of the world. On the discovery 
of a new gold-region a large amount of unskilled labour is at once applied 
to the extraction of gold from alluvial diggings, while to obtain the same 
amount of gold from quartz veins would necessitate skilled labour and the 
expenditure of a largo amount of time and money. Indeed, had not this 
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natural disintegration and concentration taken place, a large portion of 
the gold annually collected could not be advanto^oualy brought into the 
market In California tlie auriferous gravel-beds are of vast extent, and 
have sometimes a thickness of 250 feet 

Alluvial gold occurs in the form of flattened grains or scales of difTereut 
degrees of fineness, the size depending partly on its original form of occur- 
rence, and partly on the distance to which it has l)eeu transported by 
water. Gold is widely distributed over the surface of the globe, occurrin,^ 
in rocks of various ages, from the oldest almost to the most recent. But. 
although this metal occurs in many regions of ciy^stalline schists, it exists 
in comparatively few localities in sufficient quantities to render its extrac- 
tion remunerative. 

In Coni wall and Devon tin-streams afford occasional speciinens of gold, 
but not in sufficient quantities to make its collection of commercial impor- 
tance, The older scliistose rocks of North Wales, and jiarticulurly those 
of Merioneth«iliirc, have long been known to enclose auriferous veins. 
This gold-bearing district ajqxiurs, however, to be confined to an area of 
about twenty-five square miles, chiefly lying north of the road leading 
from Dolgelly to llarnioutli. 

It has been ascertained that many of the quartz veins occurring in 
this neighbourhood contain gold, but the amount found has always proved 
insufficient to pay working expenses. In 1861, nearly 3,000 ounces were 
obtained from pockets at the Yigra and Clogau mines ; and this result, 
having become known, led to the exploration of nearly all the (juartz 
veins of the district. These operations were carried on, with declining 
activity, during some four or five years, by tlie end of which ]>eriod those 
embarked in the enterprise had generally arrived at the conclusion that 
gold-miiiiiig in Wales liad not been remunerative. The total quantity 
of gold produced from the commencement of oj)erations in Nortli Wales 
to the 1st of April 18G6, amounted to 12,800 ounces, of which Yigra 
and Clogau produced 11,778 ounces. The chief jiortion of tlie gold in 
these mines ^vas met with in the form of a short deposit, which soon 
became exhausted, but the Clogau Mine, although long since unproduc- 
tive, is still in operation. 

In Scotland, gold occurs at Leadhills in Lanarksliire, and at Glen 
Coich in Derthshire, but in small quantities only, althougli in the reign of 
Elizabeth extensive washings for gold were carried on in the alluviums 
of Leadhills. More recently gold has been discoviued in Sutherland- 
shire, but the district, after numerous trials by retununl Australian and 
Californian miners, has not been piovcd to be productive on a large 
scale. 

Towards the close of tlie last century gold was discovered in the county 
of Wicklow, disseminated in quartzose and ferruginous sands. The gold 
was found chiefly in the form of nuggets of considerable size, and one was 
obtained weighing 22 ounces. For a short time this gold was collected 
on a comparatively large scale by the neighbouring peasantry, who, in 
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the course of two months, gathered an amount for which £10,000 sterling 
is said to have been paid. The working of the deposit was subsequently 
undertaken by Government, but the supply soon became exhausted, and, 
after having been about two years in operation, with unprofitable results, 
the works were abandoned. 

France possesses no gold mines, but the sands of some of her rivers 
are, to a small extent, auriferous. The only quartz veins which have 
been known to contain gold are that of La Gardette, in the Department of 
Is^re, some veins near Massiac, Cantal, containing a little gold in arsenical 
pyrites, and a similar vein near Pontgibaud, Puy-de-D6me. The Ehone 
and several other French rivers have produced small quantities of gold, 
and the Ariege is said to have derived its name from the amount of auri- 
ferous sands it deposited. 

The Rhine has, for centuries, produced small quantities of gold, its 
sands having been extensively worked in the neighbourhood of Strasburg, 
&c. In 1846, !M. Daubr^e made a report to the Academy of Sciences, in 
which he states that the most productive gravels were those deposited 
below sandbanks or gravel islands wdiich had become eroded by the 
action of the ri\ er, and that gold w’as found in a somewhat concentrated 
state only in the coarser gravels, from which the finer sands had been 
removed by running 'water. The yield of the year 1846 was estimated 
by Daubrce at £1,800, the washers earning, on an average, from one 
and a half to two francs per diem. 

Gold mines were successively "worked in Spain by the Phoenicians, 
Romans, and Moors, and, although the amount now obtained is insigni- 
ficant, it is stated to have, at one period, produced large quantities of the 
precious metal. The present small yield is derived from washing the 
sands of streams and rivers, and the total annual value obtained may be 
estimated at about £1,500; but some new alluvial gravel workings have 
lately been undertaken in Leon and elsewhere. 

A number of localities in Italy were known to the ancients as pro- 
ducing gold, and at one period this metal was worked so extensively 
that the quantity produced is said to have caused a reduction of one- 
third in its price. At present, the only gold mines of any importance are 
in the north. The amalgamation "works are situated on small streams 
near the foot of Monte Rosa, where gold is found in the valleys of 
Anzasca, Toi)pa, and Antrona. The principal mines are those of Val 
Toppa and Pestarena, which are being worked by English capitalists, 
and where the ores consist of a compact auriferous pyrites. The aggre- 
gate produce of these mines during the year 1881 amounted to 7,249 
ounces, of the total value of £25,562, 6s, 3d. 

The amount of gold produced in Germany is small, although in some 
localities, chiefly on the Rhine and its tributaries, washing and mining 
operations in pursuit of this metal have been carried on from remote 
antiquity. 

In Tyrol and Salzburg a little gold has long been obtained by the 
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treatment of exceedingly poor ores. At Zell, in 1847, the average yield 
of the vein-stuff treated was 2} dvta per ton. The annual production 
of the mines of Tyrol and Sahburg may be estimated at 100 lbs, troy. 

The most important gold mines of Europe are those of Hungary and 
Transylvania, where gold is found in veins of auriferous pyrites associated 
with galena and sulphides of silver. The mines of Hungary have been 
worked since the eighth century, the operations being conducted with 
much skill and economy. At Schemnitz and Kreinnits the ores afford 
both silver and gold, together with a sufficient amount of galena to 
materially assist in their metallutgical treatment In Transylvania some 
of the mines afford the rare combinations of gold and tellurium. The 
production of gold from the mines of the Austro-Hungarian Empire 
amounted in 1876 to 5,100 lbs. troy. 

In Sweden there is a mine at Edelfors, in Rnudand, where gold occurs 
in auriferous pyrites, but the produce of the country is insignificant. 

The gold mines of the Russian Empire are situated partly on tlio 
eastern flank of the Urals and partly in the interior of Siberia. 

The produce of the Russian washings in 1877 amounted to 106,600 
lbs. troy. 

Gold is found in the rivers of Syria and in parts of Asia Minor, 
and the Pactolus, a river of I.ydia, was anciently celebrated for its golden 
sands. Gold mines are also known to be wt)rked in Tibet, whore this 
metal is found in quartz veins traversing a crumbling granite. It is also 
met with in the southern part of Ilindostan, where numerous xliines have 
been started of late years, as ’well as in tlie Eastern Archipelago. Gold- 
wasliing is likewise carried on in China and Japan, both of which 
countries are believed to afford a somewhat considerable annual yield. 

Africa was probably the source of a large proportion of the gold pos- 
sessed by the ancients, and nearly all modem travellers who have peinj- 
trated into the interior of that continent agree in their accounts of its 
wealth. The 'W'holo of the gold which Africa now supplies is in the 
form of dust and water-worn gmins, obtained from alluvial washings. 

The gold of Southern Abyssinia occurs in quartz enclosed in granite, 
and is associated with luematite ami iron pyrites ; gold is also found in 
alluvial deposits of an ochreous character. 

Gold-fields have been discovered in Cape Colony, near the fronti(‘r 
of the Transvaal Republic, which also contains auriferous deposits of im- 
portance ; but no practical re.sults, on any extensive scale, appear to have 
been obtained. 

The annual amount of gold annually furnished by Africa is estimated 
at alxmt 3,800 lbs. troy. 

The gold-fields of the United States of America may be divided into 
three great geographical divisions, viz., those of the Atlantic sIojks, or the 
Appalachian gold-region, worked to some extent for the last sixty years ; 
those of the Pacific States, of whicli tho.se of California may he considered 
among the most imjiortant ; and those of the Rocky Mountains. 
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The Appalachian gold-fields are included within the States of Vir- 
ginia, North Carolina, South Carolina, Georgia, Tennessee, and Alabama, 
although some others have occasionally afforded specimens of the precious 
metal. The first notice of the discoveryof gold occurs in Jefferson’s ‘ Notes 
on Virginia;’ Dra 3 rton, in his ‘View of South Carolina’ (1802), also 
mentions the finding of a small piece of this metal on Paris Mountain, 

The first United States gold was coined in 1825, and from that time 
up to 1830 four-fiths of the gold coinage of the country was of American 
gold. From 1804 to 1827 North Carolina furnished the whole of the 
gold produced in the United States, amounting to $110,000 ; but in 
1829 Virginia contributed $2,500, and in the same year South Carolina 
yielded $3,500. In 1830 Georgia made its first deposit at the Mint, 
amounting to $212,000. Previous to 1825, all the gold of North 
Carolina had been procured from washings, but in that year auriferous 
veins were discovered. This turned attention from the deposit mines ” 
to “vein mines,” and led to the discovery of gold veins in various 
localities in that and the adjoining States. 

In 1852-53, the discoveries which had then been recently made in 
California, produced great excitement with regard to gold-mining gene- 
rally, and attention was, as a natural consequence, directed to the auri- 
ferous districts of the southern States. Many English and American 
companies were formed for the purpose of working the mines of the 
Atlantic coast, and for a time mining operations were actively prosecuted, 
but without permanently satisfactory results, and the southern gold- 
region, after a short period of spasmodic activity, again subsided into 
comparative obscurity. 

The Pacific divisions comprehend California, Nevada, Utah, Arizona, 
Idaho, Oregon, Washington, and Alaska. 

Although it had long been known that gold had occasionally been 
found in California, yet until the acquisition of that region by the 
United States of America but little was known either of the country or 
of its productions. Tlie first practical discovery of this metal was made 
either late in February, or early in March, 1848, by Colonel Sutter, on 
the south branch of the American River, at a place now called Coloma, 
and in the following July 4,000 people were employed in washing on 
the American River and its tributaries, and were extracting gold of the 
value of from $30,000 to $40,000 daily. 

The fame of these discoveries became widely spread during the 
latter months of 1848 and the spring of 1849, and a rapid influx of 
immigration commenced, which has, with less activity, continued to the 
present time, and had in 1874 already resulted in an addition of at 
least 3,500,000 lbs. troy of gold, value £175,000,000, to tlie available 
bullion of the world. 

The great auriferous belt of California lies on the western slope of 
the Sierra Nevada, beginning in the vicinity of the T^jon Pass, and 
extending tlirough the State to its northern limit. The principal gold 
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region may, however, be said to occupy the western portions of the 
counties of Mariposa, Tuolumne, Calaveras, Amador, El Dorado, Placer, 
Nevada, Sierra, and Plumas, with portions of the eastern sides of Yuba 
and Butte counties. 

The rocks of the auriferous belt are principally Jurassic and Triassic, 
and nothing older than Carboniferous has been found in the gold region. 

The gold of California is derived from three sources : — 

1st. From auriferous veins, most frequently inclosed in metamorphic 
slates. 

2iid. From deposits of alluvial gold occupying ancient river-courses. 

3rd. From deposits in which the gold of ancient river-systems has 
been redistributed by more modem streams. 

Auriferous veins, like all others, are exceedingly variable, not only 
in dimensions, but also in productiveness. It is, however, generally 
observed that the widest veins are not usually the richest, and that some 
of the bands running parallel with the inclosing walls are uniformly 
more productive than others. As a general rule those veins are most 
auriferous which contain a considerable amount of metallic sulphides, 
more particularly iron pyrites, and but few which do not afford a notable 
percentage of this mineral are found permanently remunerative. 

Contrary to an o]>inion generally entertained a few years since, gold 
veins are not found to be more liable to impoverishment in depth than 
are other lodes, some of those on the Pacific coast having been worked, 
on their inclination, to a depth of more than 1,450 feet without experienc- 
ing any diminution in yield. 

In many localities, and particularly between the south and middle 
forks of the Yuba River, the auriferous gravels belonging to the second 
class have, under ordinary circumstances, a thickness of 120 feet; and 
when, as is sometimes the ca?5e, tliese ancient river-beds have been pro- 
tected by a cap])iug of basalt, their thickness sometimes exceeds 250 feet. 
These deposits are worked by a process known as hydraulic mining, and at 
one period yielded one-half of the gold annually produced in the country. 

These ancient river-beds, or ])larertif are of Pliocene age, and 
frequently enclose trunks of large trees which have become completely 
silicified. 

The attention of the first miners was e.xelusively directed to deposits 
of the third class, or iiha/fo?r placerSy in which gold lay near the surface 
and within the reach of those who, without capital, were in possession of 
ordinary mining tools. These .^hallow diggings, however, became gradu- 
ally exhausted, and at the expiration of some five or six years attention 
was generally directed to deeper deposits. 

The greatest exportation of gold from California took place in the 
year 1852-53, when tlie amount was estimated at about 240,000 lbs. troy; 
from that period the export of gold bullion has been gradually diminish- 
ing, and the present annual production of the State is not above 70,000 
lbs. 
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The division of the Eocky Mountains, which yields about 23 per cent, 
of the gold annually produced in the United States, comprehends Colorado, 
Dakota, Montana, New Mexico, and Wyoming. The alluvial deposits 
of these states are of less importance than their vein mines, which are 
often pyritic, yielding smelting ores in large quantities. 

The total production of gold in the United States of America during 
the year 1884 was 124,097 lbs. troy. 

Although the most productive gold-fields of North America are com- 
prehended within the limits of the United States, several provinces of 
the Dominion of Canada annually afibrd a certain amount of gold. 

The existence of this metal in Quebec first attracted attention in 
1847, although it is stated that a French Canadian had found specimens 
of some value long before that date. In 1850 gold was discovered in 
the alluvium of the Chaudiere and various neighbouring streams, which 
were subsequently worked by the Chaudiere Gold-Mining Company; but 
the returns obtained, both from the alluvial washings and from quartz- 
mining operations, still remain exceedingly small. 

The working of auriferous arsenical pyrites has latterly been com- 
menced at Marmora in Ontario. 

The late Sir James Douglas, when governor of Vancouver’s Island in 
1856, reported the discovery of gold in British territory north of latitude 
49®, but stated that in consequence of tlie hostile attitude assumed by 
Indians the number of diggers was small. In 1858, however, the stream 
of immigration set in with sufficient force to overcome the opposition 
of the natives, and from that period British Columbia has permanently 
become a gold- producing country. 

It has, however, been found, that although the country is rich in 
gold, the winters are so severe as to preclude the possibility of continuous 
mining during the colder months, and this, together with the difficulties 
of access and transport, has caused British Columbia to be somewhat 
unpopular among gold miners. Latterly the prospect has been improved 
by the completion of the Canadian Pacific Railway. Nearly the whole 
of the gold produced finds its way to San Francisco, and as a large 
proportion reaches that city through private hands it is impossible to 
obtain exact statistics. The total annual yield of British Columbia is, 
however, probably between 10,000 and 12,000 lbs. troy. 

A few years since attention was called to the Province of Nova Scotia 
by an article published in ‘ Blackwood’s Magazine,’ in which it was stated 
that gold would be found in the hills south of Annapolis ; and a com- 
parison was instituted between that locality and the valley of the Sacra- 
mento. So long ago also as 1855 Dr. Dawson, in his ‘Acadian Geology,’ 
when describing some of the metamorphic rocks of the country, 
observes : — “ Quartz veins, however, occur abundantly in some parts of 
this district, and it would not be wonderful if some of them should be 
found to be auriferous.” 

In the month of March, 1861, a man who was stooping to drink at a 
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rivtilet observed a piece of gold among the pebbles at the bottom. During 
the course of the following June gold was discovered in quartz veins in 
the cliff near Lunenburg, and subsequently in the sands on the beach 
beneath the headland, in which auriferous veinstone had been previously 
met with. Gold discoveries now followed each other in rapid succession 
at Lawrencctown, Dartmoutli, Sheet Harbour, Isaacs Harbour, Sherbrooke, 
AVaverley, Oldham, and elsewhere. 

Auriferous drift occurs in Nova Scotia only in patches of very limited 
extent, and almost the whole of the gold hitherto obtained has been the 
produce of the treatment of gold quartz. The veins are gonorally small, 
hut tolerably rich in gold. The i)roduction of gold in this Province in 
1883 was 1,175 lbs, troy. 

Mexico, although rich in silver, yields coiiqiarativcly little gold, 
almost the whole of the latter metal being separated from argentiferous 
ores. 

Little is known respecting the auriferous districts of Central America, 
except that Costa Rica and some other States annually produce a certain 
amount of this metal. 

The principal mines of Hrazil are situated in the province of Minas 
Geraes, and are wrought chiefly on extensive deposits of auriferous pyrites. 
The Morro Yelho mine, belonging to the St. John d’El Rey Company, was, 
up to within the last fifteen years, the largest and most prosperous mine 
in Brazil, having, since 1839, produced a net profit to the proprietors of 
over a million sterling. This undertaking, after suffering from the effects 
of a disastrous fire, has lately been stopped by extensive falls of rock 
underground. Brazil afforded its largest yield of gold about the middle 
of the eighteenth century, before the comparative exhaustion of its rich 
alluvial deposits, when the amount on which tlie royal fifth was annually 
paid varied from 17,000 to 21,500 lbs. The production of Minas 
Geraes, by far the most productive mining district of the country, was 
estimated in 1879 at 4,900 lbs. troy per annum. 

The present annual production of the great South American gold- 
fields north of the river Amazon, comprehending the United States of 
Columbia, Venezuela, Dutch and French Guiana, is about 27,000 lbs. 
troy, the Venezuelan mines being the most important. 

The first authenticated discovery of gold in Australia was made in 
1839 by Count Strzelccki, and the presence of the precious metal was 
again noticed in 1841 by the Rev. W. B. Clarke, of Sydney; but the 
existence of extensive gold-fields, almost throughout Australia, was first 
announced in 1851 by Mr. E. H. Hargreaves, a returned Californian 
miner. 

It would appear from the investigations of Mr. A. R. C. Selwyn that 
the gold-bearing strata of Victoria are of greater age than the auriferous 
rocks of California, and that they most frequently belong to the Silu- 
rian epoch. 

With regard to the occurrence of the precious metal in Victoria, Mr. 
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R. B. Smyth, then Secretary of Mines for the Colony, remarks (‘Inter- 
colonial Exhibition, 1861 ^) : “ Gold is now found to occur not only in 
quartz veins and the alluvial deposits derived from these and the sur- 
rounding rocks, but also in the clay stone itself ; and, contrary to expec 
tation, flat bands of auriferous quartz have been discovered in dykes of 
<liorite, which intersects the Upper Silurian or Lower Devonian rocks. 
Quartz of extraordinary richness has been obtained from these bands, and 
the new experience of the miner is leading him to look for gold in places 
hitherto entirely neglected.” 

In Australia, as in California, the gold first obtained was entirely 
derived from the more recent gravels, but ancient river-beds, often 
covered by a thick capping of basalt, have since proved liighly productive. 
As in California, quartz veins are now advantageously worked to very 
considerable depths below the surface. 

The largest gold-yield of Victoria was in the year 1856, when the 
total produce was 249,000 lbs. troy ; its annual production is, at the 
present time, about 72,100 lbs. troy, worth £3,458,440. The total 
amount of gold produced in the colony, from 1851 to the present time, 
is estimated at about 4,200,000 lbs. troy ; worth approximately, 
£201,300,000. 

The produce of the gold-fields of New South "Wales, from their dis- 
covery in 1851 to 1882, though less than that of Victoria, was 780,470 
llis., representing a value of £34,870,360. 

South Australia has produced small quantities of gold, and Tasmania 
annually yields about 4,800 lbs. troy, worth £217,000. 

In 1882 Queensland produced 19,175 lbs. of gold, of the value of 
£829,655. In this colony the veins produce both free milling quartz 
and very refractory pyritic ores, the latter being often very rich in gold, 
and many new mines have lately been commenced. 

Gold was first discovered in New Zealand in 1842, and the principal 
portion of that which has been exported from the colony has been the 
]n\)duce of the South Island. The yield of New Zealand in 1882 was 
24,436 lbs. troy of gold, value £1,170,520. 

Various other localities annually afford small amounts of this metal, 
either from alluvial washings or from regular mining, but the total aggre- 
gate yield of such operations is comparatively small. The total value 
of the gold now annually produced in the world is about £21,000,000. 

Assay of Auriferous Minerals. 

Minerals containing gold are assayed in the same way as ores of 
silver, but as the former usually contain only a very small proportion of 
the precious metal, it becomes necessary to operate on larger samples than 
are used in silver assaying. When these minerals contain lead they 
may be conveniently fused with a proper quantity of black flux ; but ores 
free from lead, and containing metallic oxides, may be advantageously 



754 


ELEMENTS OF METALLURGY. 


assayed by the addition of a mixture of litharge and powdered charcoal 
or black flux. When chiefly composed of siliceous and earthy matters 
mixed with metallic sulphides, such as mispickel, or iron or copper 
pyrites, their fusion may be eftected by the use of litharge only. Lastly, 
when these sulphides so preponderate as to yield too large a button of 
lead for convenient cupellation, a mixture of litharge and nitre may be 
used with advantage. 

Assay of Gold C^>uartz, etc, — To make an assay of auriferous quartz, 
the sample must be liiiely pulverized, and may be mixed 'with red lead 
or litharge, together w’ith a little carbonate of sodium, borax, and an 
amount of pounded charcoal, sufficient for the production of a button of 
lead of a convenient size for cupellation. 

In the case of very poor ores, the silver derived from the oxide of 
lead will frequently be sufficient for the purj)Ose of inciuartation, while 
for richer ores, the addition of a little pure silver, at the time of placing 
the button on the cupel, becomes necessary. 

If, besides gold, the ore contains pyrites, or any other sulphuretted 
mineral, the addition of a reducing agent, such as charcoal, may some- 
times be dispensed 'with, and the fusion be made either 'with oxide of 
lead alone or with oxide of lead and a little borax. 

When pyrites, or any other metallic sulphide, is present in largo 
quantities, the sample should be fir^t roasted until all traces of sulphur 
have ceased to be evolved, and then treated as in the case of substances 
not containing that body, but with the addition of a larger proportion of 
charcoal and borax. Unle&s the sulphur is expelled either ])y a pre- 
liminary roasting, or oxidized during the op('ration, it may give rise to 
the formation of alkaline and other sulphide'^, which are liable to cause 
a portion of the gold to combine with the f)lag. 

SampHufj . — Although it Ls easy to estimate witli consiiler.able accu- 
racy the amount of gold contained in a sample of ore, it is much more 
difficult to obtain a fair average sanqde of the total produce of a vein. 
When the metal is in a state of fine division, and uniformly disseminated 
throughout the matrix, this presents little difficulty ; but when, on the 
contrary, it is granular, and occurs in irregular grains, much care is 
necessary to ensure trustworthy assays. 

It is of imjKirtaiice, therefore, that whenever ores are to bo assayed 
for gold, great care should be taken in jirocuring the samples on which 
the operation is conducted. With this view the heaps should bo well 
cut through, and about 2 tons taken out of each. The oro thus obtained 
must be reduced to fragments of the size of beans, which, when a stone- 
breaker is not at hand, may be accompli>hed with hammers on an iron 
plate. 

The ore tlms prepared must now be thoroughly mixed, made into a 
heap, and again cut through, taking out of it this time 3 or 4 ewts,, 
which are reduced to the state of coarse powder, in a crushing mill, in a 
large mortar, or on an iron plate. After being again mixed, the powdercil 
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ore is cut through, and about 20 lbs. taken for the purpose of being 
still further reduced in size ; this must be passed through a sieve of fine 
wire gauze. On the sample thus prepared, five or six different assays 
are to be made, and the mean of the results is taken as the produce of 
the ore examined. Any flattened grains of gold which may remain 
upon the sieve must be carefully collected, cupelled with lead foil, parted^ 
and weighed; the proper proportion of its weight being added by 
calculation, to the result of the assays. By operating as above described, 
great accuracy is insured ; but when a less degree of exactitude is suffi- 
cient, the quantities of ore crushed may be reduced, and the number of 
assays fewer. 

Fusion loitli Litharge^ Sodium Carbonate, ^c. — When the quartz con- 
tains only traces of pyrites, or of any other sulphide, 1,000 grains of finely- 
divided ore may be mixed with three times its weight of litliarge or red 
lead, 200 grains of sodium carbonate, 200 grains of borax, and from 15 
to 20 grains of pulverized charcoal. Auriferous pyrites should be first 
pulverized and then roasted, until all odour of sulphur has ceased to be 
evolved. The roasted ore is mixed with half its weight of dry sodium 
carbonate, twice its weight of red lead or litharge, a proper amount of 
charcoal, and some fused borax. The mixture must be introduced into 
an earthen crucible, of which it should not occupy more than one-half 
the capacity, and after being thoroughly fused in an assay furnace the 
pot and its contents are removed by proper tongs and allowed to cool. 
\Mien sufficiently cold, the crucible is broken, and the button of lead 
removed for the purpose of being cupelled. If, in the first experiment, 
the button obtained weighs less than 100 grains, a little more charcoal 
ought to be added. Instead of breaking the pot, the crucible, on being 
removed from the fire, may be held between the bent jaws of a pair of 
tongs and its contents poured into a conical cast-iron mould. 

Fusion with Red Lead or Litharge, — In cases where the sample of 
quartz contains a sufficient amount of pyrites to reduce a quantity of lead 
convenient for cupellation, the assay may be effected by fusion with 
litharge, or red lead alone. When this method is employed, oxide of lead 
must be used in large excess, and 1,000 grains of the ore may be fused 
with from four to five times its weight of red lead or litharge. If the 
button obtained be not sufficiently large, its size may be increased, to 
any desired extent, by the judicious addition of lamp-black or powdered 
charcoal. 

Cupellation, — The buttons of alloy obtained are cupelled, with pre 
cautions enumerated when treating of the assay of alloys of silver, 
although when gold is the metal sought, the process is in a slight 
degree varied. 

When the resulting button consists of an alloy of lead, silver, and 
gold, with a small admixture of more oxidizable metals, its cupellation 
presents even less difficulty than in the case of alloys of lead and silver, 
because in the first place gold is less volatile than silver, and consequently 
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may be exposed to a greater beat, and in the second less loss is expe- 
rienced at a high temperature by absorption into the cupel. 

When in addition to gold, silver, and lead, the assay button contains 
copper, it must be cupelled, like similar alloys of silver ; but as copper pos- 
sesses a greater affinity for gold than it has for silver, a large addition of 
lead must be made to insure the production of a pure button. 

Parting, — When, as is almost universally the case, the button 
obtained by the fusion of the ore contains, in addition to lead and gold 
a notable proportion of silver, it must be cupelled at a moderate tempe- 
rature, and, if necessary, an additional quantity of silver added. By 
operating in this way, the button obtained on the cupel consists of an 
alloy of silver and gold, which is afterwards treated with an excess of 
nitric acid. This effects the solution of the silver, and leaves the gold 
in the form of a brown powder, in the bottom of the flask in which the 
operation has been conducted. In order to obtain exact results, it is, 
however, necessary that a certain relation should exist between the 
amount of the two metals of which the alloy is composed, since if the 
silver be not present in sufficient quantity the mixture is not completely 
attacked by nitric acid. On the other hand, wlien too large a proportion 
of this metal is added, the gold remains in a pulverulent form, which 
renders its collection for weighing somewhat difficult. 

The above-described operation, which has received the name of “ part- 
ing,” succeeds best when the alloy contains about three parts of silver to 
one of gold, and therefore, in all cases, the addition of silver must be so 
managed as to agree as closely as possible with this proportion. If the 
alloy contains less than two and a half parts of silver to one of gold, the 
solution of the silver cannot be com])letely effected. 

The operation of adding the proper amount of silver to an alloy to 
reduce it to the right standard for the process of parting is called “ inquar- 
tation.” The inquartated button should be carefully flattened with a 
])olished hammer on a steel anvil, and afterwards attacked in a small 
flask or large test tube by nitric acid of specific gravity 1*18. After 
having been boiled for ten minutes with acid of this strength, the liquid 
is carefully poured off, and the residue lieated to ebullition, during a few 
minutes, in acid of specific gravity 1*28. The acid is now carefully 
decanted, and the residual gold, after being washed with distilled wahir, 
is transferred to a tliin porcelain capsule, from wdiich the water is, as far 
as possible, removed, and the remainder evaporated in a water-bath. 
When freed from moisture, the pulverulent gold, after heating to redness, 
may either be weighed directly in the capsule in which it has been dried, 
or be folded in a little lead-foil and again passed to the cupel, when it 
is obtained in the form of a metallic globule. 

If, in addition to gold, the mineral contains silver, and it bo desirable 
to ascertain its amount, it is necessary to first cupel the button of lead 
without addition of silver. The alloy thus obtained is weighed, and its 
weight noted, deduction being made for the amount of silver derived 
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from the reduced oxide of lead, which must be ascertained by experiment. 
It is also necessary to examine the red lead, or litharge, in order to ascer- 
tain if it contains traces of gold, and in case of that metal being likewise 
present, due allowance for the amount found must be made on the produce 
obtained. If the silver be not sufficient for the purposes of parting, more 
is added, by folding the bead, with a bit of pure silver, in a piece of lead 
free from the precious metals, and again cupelling. Lastly, the alloy 
obtained is treated with nitric acid, and the amount of gold present 
determined by weighing. 

The weight of silver contained in the ore will evidently be represented 
by that of the button of alloy from the first cupellation, less the united 
weights of the gold in the ore, and of the silver and gold (if any) afforded 
by the reduced oxide of lead. 

It may be observed, that when proper precautions are taken to obtain 
a fair average sample, and the mean of a sufficient number of assays is 
taken, there is no difiiciilty in ascertaining, with a considerable degree of 
accuracy, the yield of auriferous quartz. 


Assay of Gold Bullion. 

The composition of commercial gold bullion varies within wide 
limits, some being nearly pure gold, while other kinds may contain half 
their weight or more of other metals, especially of silver and copper. 
Silver bullion also often contains gold, from a few grains to the troy 
pound upwards, constituting the so-called (lore or parting silver, and even 
such very small quantities of the more precious metal may be of com- 
mercial value, if the bullion can be employed for refining purposes 
instead of chemically pure silver, when the gold is recovered without 
extra cost. In all cases, tlierefore, it is essential that bullion containing 
gold should be very carefully assayed. This is done by cupellation, 
inquartation, and parting in the manner already described for the assay 
of ores, the processes being sometimes modified in minor details according 
to the composition of the material under examination. 

Generally half a gramme of the alloy is carefully weighed and sub- 
jected to cupellation with a proper quantity of lead, together with an 
amount of pure silver equal to about three times the weight of the gold 
supposed to be present. Dore silver, when it contains copper, is cupelled 
with lead in the same way as silver bullion, before parting ; but plate 
or cake silver that has been refined from lead, and is practically pure, is 
dissolved in nitric acid without cupellation. As the quantity of gold 
contained is often very small, larger samples are required than for the 
assay of gold bars. 

The amount of lead necessary for passing an alloy of gold on the 
cupel depends on the quantity of copper which may bo present. The 
following proportions have, after careful experiment, been generally 
adopted : — 
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In the case of ordinary gold Lars from alluvial and quartz mines, 
in which tlie proportion of copper is invariably small, the alloy being 
chiefly silver, the lialf gramme employed for assay is passed to the cupel 
with 2 grammes only of lead. A piece of copper wire weighing 15 
milligrammes is also often added, wdiich, by preventing the silver button 
from vegetating on the cupel, ensures its malleability. 

The button removed from the cupel is squeezed, laterally, between 
the jaws of a pair of strong jdiers to loosen any adhering litharge, which 
is removed by the aid of a stiff brush, and is afterwards flattened, by a 
smooth-faced hammer on a polished anvil, into an elongated disc about 
I of an inch in length. This, after being annealed, is passed repeatedly 
through a flatting-mill until it has assumed the form of a thin strip 
from to 3 inches in length, which is again annealed, and coiled by 
rolling between the finger and thumb. The coil or cnrnpt is now intro- 
duced into a long-necked flask containing about an ounce of pure nitric 
acid of 22° Baume - 1*18 sp.gr., and boiled until red fumes have ceased 
to be given off. This acid is poured off, and the comet again twice boiled, 
each time for about ten minutes, in acid of 32° Baum6 = r28 sp. gr. In 
the last two boilings a piece of charcoal, consisting of half of a charred 
pea, is introduced for the purpose of preventing ebullition from taking 
place irregularly, and with explosions, by 'which the cornet might be 
broken, or a portion of the licpiid projected out of the flask. The acid 
is poured off, and, after the third attack, the cornet is twice washed with 
distilled water. The flask is now filled with water and reversed into a 
small crucible of fine clay covering its neck ; by this means the cornet is 
deposited gently, and without breaking, in the bottom of the crucible, and 
the water which covers it is poured off. The crucible and its contents are 
heated to redness in the muffle, care ]>eing taken to avoid the fusion of 
the gold. From the weight of the comet obtained, the fineness of the alloy 
is calculated, but in all cases where great accuracy is required at least two 
assays are made of each bar. 

After boiling in nitric acid, the comet is of a brownish-yellow colour, 
of a spongy texture, and exceedingly fragile, so that it could not be 
touched by the fingers without breaking. It is therefore transferred to 
the crucible, together with a portion of the water contained in the flask. 
By heating it in the way described, it acquires an amount of cohesion 
which admits of its being handled without danger of breaking, and at the 
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same time it assumes a distinctly metallic aspect ; its volume is also con- 
siderably diminished. 

In establishments in which large numbers of assays of gold bullion 
are made, the use of glass flasks for the attack of the comets by nitric 
acid is now frequently dispensed with, and an apparatus made of platinum 
is employed instead. This consists of a shallow dish, furnished with 
a rack, in which are inserted a number of small vessels, also of platinum, 
having nearly the shape of an ordinary thimble, with apertures which 
admit of the free entrance of the acid contained in the dish in which 
they are enclosed. Into these the cornets are inserted, and nitric acid of 
the required strength is poured into the outer dish, which is heated, either 
over a sand-bath or gas-burner. As this acid serves for the attack of all 
the cornets inclosed in the several small platinum cullenders, a consider- 
able economy of time is efiected, since by one operation the acid is charged 
on the whole of them. While the attack is being made the apparatus is 
covered by a funnel-shaped dome of glass, communicating, by means of 
a glass tube, with a condenser in connection witli the chimney of the 
laboratory. In this way a considerable amount of the acid is recovered, 
and all unpleasant fumes are avoided. 

However carefully and skilfully the parting of the auriferous button 
may be conducted, the comet of gold will sometimes be found to retain 
minute traces of silver, by which its weight will be, to a small extent, 
increased. This increase of weight or surcharge is most apparent in 
cornets obtained from bars containing only a very small quantity of 
coj)per, since when the proportion of that metal is considerable, and a 
large amount of lead has consequently to be employed during its cupella- 
tion, a loss of gold takes place by absorption into the cupel. In the assay 
of bars of moderately cupriferous bullion, the loss of gold during cupella- 
tion, and tlie surcharge of silver remaining after parting, not unfrequently 
counterbalance one another, and the true fineness of the alloy is directly 
obtained with a sufficient degree of accuracy. It is, however, necessary, 
in order to ascertain the amount of surcharge, to liave check assays 
or jiroofs made of pure gold and copper, according to the supposed 
quality of the alloys. 

The following results of numerous experiments made in the Paris 
Mint upon mixtures of fine gold and copper in the proportions indicated 
in the Table, afford data for calculating the necessary correction : — 


Cojiiior. 

Gold. 

Result obtained. 

Difference. 
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900 
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1 

1 99-50; 

1 




76 o 


ELEMENTS OP METALLURGY. 


The residual silver may be almost entirely removed from the comet 
by heating it with fused acid sulphate of potassium in a small clay or 
porcelain crucible, and extracting the silver sulphate with water contain- 
ing a little sulphuric acid. The comet is subsequently dried and ignited. 
Absolutely pure gold cannot, however, be obtained by this method. 

The gold fineness of bullion may be reported either in carats or in 
thousandths; 24 carats or 1,000 fine being equivalent expressions for abso- 
lutely pure gold, 18 carats for 750 fine, and so on ; one carat being equi- 
valent to 41*66 thousandths. The carat is subdivided into 4 carat- 
grains, and each of these again into eighths or thirty-secondths of a 
carat, giving an ultimate division into 768 parts. Formerly the return 
was made to one-eighth of a carat better or worse than Eritish standard 
gold of 22 carats or 916*6 fine ; but now the millesimal fineness is 
generally given to thousandths and tenths of thousandths. 

In America it is customary to re]>ort the assays of gold ores in money 
value per ton, at the i*ate of ^20*67 per ounce troy of gold of 1,000 fine, 
and the same practice is followed with bullion the value in currency 
being stamped on the bar. The standard values adoped in the principal 
gold using countries are as follows; — 

Oumtrie**. 1000 (*24 C t ) ' (22 It) I'OO (21 G Ct.; , 7:i0 (18 Ct ) 

L^nited Kingdom, trov oz. C4, 48. lOd, £3, ITs. lOd. ' £3, ICh. 6d. ' £3, 38. 9d. 

United States, . $20*07 , $18*60 j $15*50 

France, kilogramme . Fr.3,444*14 t Fr.3, 157*40 | Fr.3,I00 Fr.2,583*33 

Gennauv, „ . . Mk.*2,700 j Mk.*-',474 16 | Mk.*2,511 | Mk.2,092*5 

The ])rinci])al standards in use for coinage are : — 

Austria and Holland (old ducat gold) .... 986 and 9S3 

United Kingdom, India, Rushia (old), Portugal, Brazil, Turkey . 916*6 

France, Germany, Uiiitt'd .State.s, Italy, Spam, Russia new ) . . 900 

Egypt, Mexico, Spani-^h Philippine Islands 875 

Most of the remaining countries have adopted the standard of 900 fine. 

In tli(* United Kingdom the only standard for gold plate and 
jewellery recognised by the (loldsmith^s Company for “ hall marking 
is 18 carats (750) fine ; but tlie low'cr finenesses of 14, 12, and 9 carats 
are extensively used for cheaper articles. 

In France the three plate standards of 920 (22.“^ ct.), 820 (20 
ct.), and 750 (18 ct.) are legalhed, the use of 583 (14 ct.) being 
only permitted for the manufacture of 'vwatch cases intended for ex- 
portation. 

Determination hy the Touchstone, — The method of assay already 
ilescribed, although perfectly adapted for the determination of the value 
of bullion and other unmanufactured products, cannot be conveniently 
applied to the examination of jewellery, since it would be necessary to 
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destroy the object in order to ascertain its composition. A method is, 
therefore, employed by which the standard is readily determined to 
within 1 per cent, of the truth, while the most delicately-chased article 
is in no way disfigured by the trial. This process essentially consists 
in rubbing some convenient part of the object to be examined on a hard 
siliceous stone of a black colour, on which it thus leaves distinct metallic 
traces. From the colour of these marks, and from their behaviour when 
treated with nitric acid or a weak solution of aqua regia, the assayer 
judges of the purity of the gold subjected to examination. The material 
employed for this purpose, generally known by the name of touchstoney 
is a fine-grained, dark-coloured variety of quartzite, said to have been 
anciently brought from Lydia, although stones of equally good quality 
are obtained in Saxony, Bohemia, and numerous other localities. 

In order to be enabled to judge of the value of an alloy from the 
nature of the mark left by it on the surface of the stone, the assayer is 
furnished with a series of small bars, or touch-needles ^ formed of alloys 
of copper and gold, of which the composition has been accurately 
determined. For gold of low fineness which contains some silver alloy, 
another series of touch needles alloyed wholly or in part with silver, 
instead of with copper alone, is sometimes used. 

The trace left on the stone by the alloy to be examined is successively 
compared, both before and after the action of an acid, with the different 
marks obtained from these several needles, and it is supposed to possess a 
similar composition to that of the needle whose mark agrees most closely 
with it under both these circumstances. The acid most commonly em- 
ployed for this purpose is nitric acid of sp. gr. 1’28, to which about 2 per 
cent, of hydrochloric acid is sometimes added. In making these assays, 
the first streak obtained on the stone cannot be employed to ascertain 
the composition of the object examined, as the surface of jewellery is 
rendered, by the process of “ colouring, of a higher standard than that 
of the alloy of which it is composed throughout. For this reason the 
object must be passed once or twice over the surface of the stone, in 
order to remove the superficial coating of richer alloy, before making the 
streak, from the comparison of which with those of the needles the com- 
mercial value of the mixture is to be determined. This method, although 
affording much less accurate results than those obtained by inquartation 
and parting, is nevertheless for some purposes sufficiently exact. 

The colouring^ as it is called, of jewellery, is effected by externally 
dissolving out the copper with which it is alloyed, and thereby exposing 
a superficial facing of fine gold. To produce this effect, the object to be 
coloured is first heated in a gas jet or spirit lamp, and then plunged into 
a weak solution of nitric acid, by which the copper on its surface is 
removed. The same effect is also produced by placing, for a few minutes, 
the object to be coloured in a paste composed of a mixture of alum, 
common salt, and saltpetre. 
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MECHANICAL AND METALLURGICAL TREATMENT OF GOLD. 

The mining and metallurgy of gold are so intimately connected 
that it would be difficult to treat intelligibly of the one without also 
giving some description of the other. From the great difference existing 
between the density of gold and that of siliceous gravels, it is easily 
separated from them by washing and amalgamation. The methods em- 
ployed for this purpose, however, vary not only with the localities in 
which the operation is carried on, but also in accordance with the nature 
of the minerals with which the gold is associated. 

In alluvial or placer mines the metal is found imbedded in strata 
of clay, sand, and gravel ; while in vein mines it forms one of the con- 
stituents of mineral veins or lodes. In placer mining the auriferous 
earthy material, usually called “ pay-dirt,” is exposed to the action of 
water, by which the clay is carried off in suspension, and the sand and 
gravel removed by the force of the current. The gold, on account of 
its high specific gravity, either remains behind in the apparatus employed, 
or is caught and amalgamated with mercury. 

In quartz mining the gold-bearing veinstone is ground to a fine 
powder, and the gold is either caught on the rough surface of blankets 
or skins, over which the finely-divided material is borne by a stream 
of water, or it is amalgamated by bringing it into contact with metallic 
mercury or amalgamated copper plates. 

Placer Mining. 

Water is the princii)al agent employed by the placer miner, and its 
abundance or deficiency is to a great extent the measure of the work to 
be performed and of the profits to be realized. Placer mines may be 
divided into two classes, deep and shallow. In the former the pay-dirt 
lies at considerable depths, w'hilst in tlie latter it is found near the sur- 
face. Many deep diggings are u'crked on what liave evidently been 
ancient river-beds, and are sometimes covered by flows of laVa. Shallow 
diggings, which are found in gullies and ravines, as \vell as in the beds of 
rivers, frequently owe their richness to the redistribution, by modem 
streams, of the gravels of these ancient rivers. 

The appliances made use of by the placer miner are exceedingly 
simple, but at the same time singularly ingenious and effective. 

Pan. — This is the simplest of all contrivances for washing auriferous 
materials. It ia used in all branches of gold mining, either for washing, 
or as a receptacle for gold, amalgam, or for rich dirt. The pan is made 
either of stiff tin-plate or of sheet-iron, with a flat bottom about 12 inches 
in diameter, and has sides from 5 to 6 inches in height, sloping outwards 
at an angle of 45*. Sheet-iron is to be preferred to tin-plate, because it 
is stronger and does not amalgamate with mercury. The process of wash- 
ing is conducted in the following way ; — After being about three-fourths 
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filled with dirt, the pan is placed in water, which should not be more 
than a foot in depth, so that it may rest on the bottom, while the 
miner inserts his fingers in and under the mass, in order to lift and stir 
it, in such a way that it may become thoroughly wetted throughout. The 
pan is then held by the two sides, that portion of it which is towards the 
body being raised, and the opposite edge lowered. He now commences 
shaking it from side to side, taking care that the whole of the dirt is 
under water, and that a little of it can escape over the outer edge. 
Assisted by the shaking, and by the rolling of the gravel from side to side, 
the clayey portion of the mixture rapidly becomes suspended in water 
and forms a thin mud which escapes over the side, whilst clean water is 
continually flowing into the pan. The light sand follows the mud, while 
the larger stones and lumps of tough clay remain. The stones and 
pebbles collect on the top of clay, and are scraped together with the 
fingers, and thrown out. This process is continued, care being taken to 
gradually lower the outer edge of the pan until all the clayey matter has 
been swept away by the water, and until gold and a certain amount of 
magnetic iron-sand alone remain. 

To get rid of this black sand, the contents of the pan are dried, and 
a small quantity is placed in a “ blower,” consisting of a shallow tin scoop 
open at one end. The miner holds this with the open end from him, and 
gently blows out the sand, leaving the particles of gold behind. During 
this operation the blower must be occasionally shaken, so as to bring all 
the particles of black sand within range of the current of air. 

The pan is also constantly employed for separating amalgam from 
sand or pyrites, and for cleaning up rich dirt collected in the cradle, 
long tom, or sluice. 

Cradle. — The cradle, or rocker, is, after the pan, the cheapest and 
most simple apparatus employed for gold-washing. It rests on two 
rockers, and its general appearance is not unlike that of a child’s wooden 
cradle. The cradle box is 40 inches in length, 20 in breadth, and is 
at one end from 18 inches to 2 feet in depth, whilst at the other it is 
sloped off lo about 4 inches only. On the deeper end of the cradle 
stands a hopper or riddle-box, 20 inches square, with sides from 4 to 
6 inches high. The bottom of the riddle is of sheet-iron, perforated 
with holes half an inch in diameter, and the box itself is so constructed 
that it can be either slipped into its place or lifted off without difficulty. 
Under the riddle is an apron of wood or cloth, attached to the sides 
of the cradle and sloping towards the upper end of the arrangement. 
Across the bottom of the cradle-box are nailed two wooden bars, each 
about an inch square, known as rijfle-hars^ one near the riddle and the 
other at the shallow end. 

The dirt to be washed is shovelled into the hopper, and the cradler 
sits beside his machine ; with one hand he pours water, dipped with a 
ladle from a pool at his side, upon the dirt, and with the other he 
imparts to it a rocking motion. By means of the water, aided by the 
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rocking, the dirt is disintegrated and carried through the riddle, falling 
on the apron, by which it is carried to the head of thje box, whence, as 
the bottom has an inclination towards the shallow end, it runs downwards 
and escapes, leaving the gold, black sand, and heavier particles of gravel 
behind the riffle-bars. 

The pay-dirt contains many large stones ; and such as give a too con- 
siderable shock to the cradle, by rolling from side to side, are picked out 
by hand, and, after being examined to see that no particles of gold are 
adhering to them, are thrown away. All the smaller ones are allowed to 
remain until a hopperful has been washed, so that nothing but clean stones 
remain, and then the cradler, rising from his seat, removes his hopper, 
and, with a jerk, throws out its contents. The whole process of washing 
with this arrangement is merely a repetition of the manipulations de- 
scribed. The hopper is about one-third filled with pay-dirt, and water 
is poured in from a ladle held in one hand, whilst with the other the 
cradle is rocked. The cleaning- up is done by removing the hopper, taking 
out the apron, scraping all the dirt from the bottom of the cradle with 
an iron spoon, putting it into a pan, and washing off the impurities as 
already described. Mercury is sometimes, but not generally, used in the 
cradle. 

Tom. — The tom was formerly much used by Californian miners, but 
is now seldom employed, having become generally superseded by the 
sluice. It consists of a wooden trough about 12 feet in length, 18 inches 
in width at its upper end, and gradually widening to 30 inches at the 
lower. Its sides are 8 or 9 inches high, and at the lower end its bottom 
is of sheet-iron perforated with holes half an inch in diameter. This 
sheet-iron is turned up, so that tlie water cannot flow over it, but passes 
down through the perforated riddle into a riffle-box furnished with trans- 
verse bars. 

The tom itself is aiTanged at a considerable angle, and a stream of 
water is admitted at the higher end. The pay-dirt is thrown in at the 
head and kept constantly stirred with a shovel, care being taken to throw 
back to the upper part of the trough such pieces of clay as are not suffi- 
ciently disintegrated. 

The tom can be most advantageously employed where the amount of 
stuff to be washed is not large and the gold is coarse. The riffle-box is 
charged with mercury, and, as its contents are constantly kept in motion 
by the falling into it of the water from the riddle above, a considerable 
proportion of the gold is caught, although there is always a notable loss 
of the finer particles. 

Sluice. — The sluice is now the great washing apparatus of California, 
and washes nearly all the pay-dirt and produces the greater portion of 
the placer gold of that country. It is generally a long wooden trough, 
through wliich a stream of water constantly flows, and into which the 
auriferous material is shovelled. Its length is always several hundred 
feet, and sluices more than a thousand feet are not unfrequently employed. 
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Tlie width is often about 18 inches, but is sometimes as much as 6 feet. 
It is made of sawn pine-planks, 1 J inch thick, in sections or boxes, from 
12 to 14 feet in length, the bottom plank being often sawn 4 inches wider 
at one end than at the other. By this means the narrow end of one box 
is made to fit into the broad end of the next, so that the sluice is composed 
of a long succession of boxes fitting one another by spigot and faucet 
joints, but not otherwise fastened. These boxes stand on trestles, and 
have a slope or “grade” varying from 8 to 18 inches in 12 feet. The 
amount of inclination given to them is necessarily varied in accordance 
with the nature of the stuff to bo washed. The dirt often contains nume- 
rous large stones and boulders, all of which must be carried off through 
the sluice by the action of the water rushing down its channel. Some- 
times a grating or “ grizzly ” is used to keep back the stones, which 
arc removed at intervals by men with four-pronged steel forks. When 
much clay is present the sluice should have a considerable grade, and as 
a rapid current is more liable to carry off fine particles of gold than a 
slower one, the length of the arrangement should be proportionately 
extended. Economy and facility of working require that the sluice should 
not be much above the surface of the ground, and the inclination is there- 
fore, to a certain extent, modified in order to conform to local circum- 
stances. Sometimes the upper portion of a sluice has a steep grade for 
the purpose of more readily disintegrating the dirt, whilst the lower end 
has a less inclination given to it with the view of more effectually collect- 
ing the gold. The clay of ordinary pay-dirt is completely disintegrated 
in the first 200 feet of a sluice with a low grade, and its prolongation 
beyond that point is only of use for collecting the liberated gold. In 
certain cases, however, the clay met with is so exceedingly tenacious tliat 
it will roll in large balls through a quarter of a mile of a steep grade sluice 
with a large head of water and be scarcely diminished in size. 

The bottom of the sluice is provided with riffle-bars for the purpose 
of retaining the gold, which would readily pass off from the surface 
of the boards, and these would be rapidly worn out, unless thus pro- 
tected. Most commonly the false bottom is composed of longitudinal 
riffle-bars, from 2 to 4 inches in thickness, from 3 to 4 inches wide, and 
about 5 feet 6 inches in length. Two sets of bars are fitted into each 
box, and are wedged in, from 1 to 2 inches apart, with a transverse bar 
of the same width and thickness, placed between each set of riffles. 
The bottom of the sluice is therefore divided into parallelograms about 
5 feet 6 inches in length, from 1 to 2 inches wide, and from 2 to 4 
inches in deptL In these spaces the gold, amalgam, and quicksilver are 
retained. 

Instead of riffle-bars sawn longitudinally with the grain of the wood, 
“ block-riffles,” cut across the tree and standing in the sluice with the 
grain upwards, are often employed. These are found to be much more 
durable than those of the ordinary kind, but require a different arrange- 
ment in the boxes. In some sluices, and particularly those employed 
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for hydraulic mining, the block-riffles are placed transversely in the box, 
and kept at a distance of about 2 inches apart by strips of wood inter- 
posed between them at the bottom, but of less depth than the blocks 
themselves. 

In small sluices the riffles are sometimes placed in zigzag order on the 
bottom of the boxes, but not touching the side at one of their extremi- 
ties. These are set at an angle of 45“ with the axis of the sluice, 
and just below the open space left between the first riffle and the side of 
the box, another bar starts at right angles to the first, and an open space 
is again left at the lower end of this bar. This is continued down 
to within a short distance from the end of the sluice, where ordinary 
riffle-bars are inserted. In sluices thus constructed, mucli of the water 
and light mud flows directly over the riffle-bars, whilst the heavier 
materials, falling to the bottom, assume a zigzag course. A vessel 
containing mercury placed near the liead of the sluice allows it to fall 
drop by drop into the trough, and this, following the course of the 
riffle-bars, overtakes the gold, and amalgamates with it. Those zigzag 
riffles are retained in their places by being nailed to the bottom of 
the box. 

The height of the sides of sluice-boxes varies from 9 indies to 2 feet, 
and the stream of water employe<l has never a less depth than 2 inches 
over the bottom. In most instances the sluice extends throughout the 
length of the claim in which it is situated, and tlie auriferous dirt is 
thrown in with shovels, which requires from four to twenty men con- 
stantly at work. 

In nearly all sluices mercury that lias been before used for the same 
purpose, which is considered better for gold-catching than that fresh from 
the flask, is put in above tlie riffle-bars, at various places along the box(*s. 
Oil and grease tend to prevent amalgamation, and must be carefully 
avoided. 

The usual method of arresting very fine gold is to cover tlie surface 
of a copper plate with quicksilver, and to allow the dirt and water to 
flow slowly over it, with a depth of not more than a quarter of an inch. 
The amalgamation of a copper plate is effected by adding a few drops of 
nitric acid to water, covering a little mercury in the bottom of a saucer, 
and then rubbing the liquid with a rag over the surface of the metal. 
Decomposition of nitrate of mercury quickly covers the surface of the 
copper with a bright coating, to which metallic mercury readily ad- 
heres. 

A plate wdiich has been once thus amalgamated does not again require 
similar treatment, but a little additional quicksilver must from time to 
time be sprinkled upon it, as the gold gradually collects and forms a 
solid amalgam. The plate employed, which is often about 3 feet wide, 
and 6 feet in length, is set nearly level In very large sluices the stream 
is so divided as to flow over several distinct plates, in order to secure a 
slow and shallow current. It is evident that with a rapid current, or 
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with deep water, particles of light gold would pass off without coming in 
contact with the surface of the amalgamated plate. 

When the surface of a plate has become covered by auriferous amalgam 
it is supposed to act more efficiently than a new one, and at the time of 
cleaning up it is sometimes coated with a hard brittle mass to a thickness 
of ^ inch. To remove this the plate is warmed until the hand cannot 
long remain in contact with it, by which treatment the amalgam becomes 
softened, and is then readily scraped off The plate, after being sprinkled 
with mercury, is again ready for use. The mixture of mud and water is 
admitted to the copper plate through a riddle made by piercing a thin 
iron plate with holes about inch in diameter. This is often placed 
above the copper plate, and prevents its surface from being swept by the 
gravel and coarser materials which pass along it. 

Shortly after the water and dirt have begun to pass through the 
sluice all the spaces between the different riffle-bars become filled with 
sand and gravel, which is, however, in a constant state of agitation. The 
coarser grains are arrested near the head of the sluice, while the finer 
particles are carried to more considerable distances. In sluices where 
the dirt operated on contains much coarse gold, the mercury is often 
introduced from 40 to 60 yards below the head, as the coarse metal, by 
virtue of its greater density, becomes readily separated from the earthy 
materials with which it is mixed. 

The separation of the gold, amalgam, and mercury from the sand and 
gravel in tlio bottom of the sluice is called “ cleaning up,” and the period 
which elapses between one cleaning-up and the following is called a 
“ run.” A run ordinarily extends over eight or ten days, but in most 
instances the work is only carried on during daylight, although in some 
cases it is continued day and night. When the period fixed on for clean- 
ing up arrives the throwing-in of dirt ceases, and the water is allowed to 
run until it becomes perfectly free from turbidity. Five or six sets of 
riffle-bars at the head of the sluice are now taken out, and the dirt, which 
has accumulated between them, is washed away, while the gold and 
amalgam are arrested by the first of the remaining set of riffles, whence 
they are removed by the aid of a spoon or scoop, and placed in a wash- 
ing pan. More riffle-bars are now removed, and the gold and amalgam 
are again collected. This is repeated until all has been taken out, and 
the whole of the gold and amalgam is transferred to the iron pan. 

The quicksilver and amalgam taken from the sluice are put into a 
buckskin or piece of canvas, and pressed in such a way that the liquid 
metal passes through, while the amalgam is retained. This amalgam, 
from which the mercury has been carefully pressed out, contains about 
one-third its weight of gold. The amalgam is then heated to drive off 
the mercury, and the gold which remains is in the form of a spongy mass 
of a light yellow colour. 

The removal of the mercury may be effected either in a close retort or 
in on open iron pan. In the first case the quicksilver is recovered for 
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subsequent use, whilst in the second, it is volatilized and lost. The pan 
is, however, often employed by placer miners. 

Large sluices are sometimes paved with stones, which make a more 
durable bottom than wood, and one that catches fine gold almost as 
effectually. On the other hand, cleaning up is more difficult, as is like- 
wise the re-laying of the bottom afterwards. The stones used are water- 
worn pebbles, of a somewhat flattened form, of which the greatest diameter 
is from 6 to 8 inches. 

The ordinary sluice, as already described, mainly consists of a series 
of wooden boxes, but, in some cases, these are dispensed with, and the 
arrangement is then called a “ground-sluice.” Tliis contrivance is employed 
for washing dirt in localities where water is only abundant for a few 
weeks after heavy rains, and where, consequently, it would not pay to 
erect wooden sluices. 

To prepare a ground-sluice a stream is first directed through a small 
channel, which the miners, aided by the current, endeavour constantly to 
enlarge, and when it has become sufficiently deep they detach, by means 
of crow-bars, the high banks, so that the pay-dirt falls into the ditch, 
wdiere it becomes rapidly disintegrated. A large pebble should be intro- 
duced at intervals into the bed of the sluice, for the purpose of arresting 
the gold, since, if the bottom were smooth, and without irregularities, the 
precious metal would be carried away by the current. No mercury is 
employed in the ground sluice, but the concentrated dirt collected is finally 
cleaned up in a wooden sluice, or tom. 

Hydraulic Mining. — Hydraulic mining is resorted to only in situa- 
tions 'ivhere the pay-dirt is of considerable thickness and where water is 
abundant. It may be regarded as the highest branch of placer mining, 
since by it a larger amount of dirt is washed in a given time, and at a 
less expense, than by any other process. Hydraulic claims are neces- 
sarily situated in hilly districts, as it is not only necessary to be provided 
with a column of water of considerable height, but also to find in the 
valleys below the sluices a receptacle for the enormous amount of dehris 
resulting from the operation.^ Whatever may be the depth of the auri- 
ferous deposit, the whole of it should, if possi])le, be removed to the 
bed-rock. This is effected by the action of water issuing at a high 
pressure from metallic nozzles, and directed against the more or less 
indurated alluviums operated on. This disintegration of the auriferous 
material goes on simultaneously with the washing of the resulting gravel, 
and is effected by the same supph of water. 

In California, the water employed in hydraulic claims is generally 
purchased from one of the large public companies formed for supplying 
the gold diggings with this essential requirement of the miner. Its cost 

^ So much of the low-lying land in some parts of California has been buried under 
sands and gravels from hydraulic mines, that the legislature of the State has recently 
interfered, on behilf of the agricultural interest, in such a way as to considerably restrict 
this branch of mining industry. 
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is from 10 c. to 20 c. per miner’s inch per working day, and the con- 
sumption of each mining claim, worked on a tolerably extensive scale, 
may be taken at about 300 miner’s inches. A miner’s inch is the 
quantity of water which will flow during ten hours through an aperture 
1 inch square, under a mean head of 6 inches ; and 300 miner’s inches 
are equal to 284,210 cubic feet, or about 1,772,000 imperial gallons. 
Under ordinary circumstances, from 3,000 to 3,500 cubic yards of gravel 
and soft conglomerate may be removed and washed daily by this expen- 
diture of water. 

The installation of a hydraulic washing is commenced by bringing in 
a stream, by means of a “ flume ” or aqueduct, to the head of the mining 
ground at a height which may be from 150 to 400 feet above the level 
of the beil-rock, where it is conducted through a large wooden tank, into 
which it constantly flows. This is provided with a suitable valve, and 
from it the water is most commonly conveyed to the bottom of the 
claim through wrought-iron pipes. When a great head of water is 
employed the lower pipes, which have to withstand a very great pressure, 
are made of do uble-ri vetted boiler plates, and in connection with these are 
the several discharge nozzles. Borne of these are as much as 5 inches in 
diameter, mounted on ball and socket joints, so balanced as to be readily 
turned in any direction, either by a lever or by racks and worm pinions. 
The amount of manual labour necessary for carrying on the operations 
of a hydraulic claim, is exceedingly small in proportion to the amount of 
work done, since, in addition to the men engaged in directing the various 
nozzles, only one person is usually employed in attending to the sluice, 
so as to remove obstructions, and prevent its becoming choked by the 
dirt and boulders washed from the face of the slope. In order to render 
evident the enormous advantages possessed by this over every other sys- 
tem of placer mining, it may be stated it has been estimated that, taking a 
miner’s wage at $4 per day, the cost of treating a cubic yard of gravel by 
the various processes which liave been described will be approximately 
as follows : — 


By the pan 

. $20 00 

„ „ cradle . 

. 5 00 

„ „ long tom 

. 1*00 

„ „ sluice 

. 0*33 

„ „ hydraulic process 

. 0 05 


The quantity of dirt, however, that can be washed by a hydraulic jet 
in a given time, depends on various circumstances, such as the supply of 
water, the height of the column, the tenacity of the material, and the 
amount of moisture it may happen to contain. More work can usually be 
done in winter than in summer, since, from the greater dampness of the 
stuff during that season, it becomes more easily disintegrated. In some 
hydraulic claims, in which the pay-dirt is cemented into a kind of con- 
glomerate, blasting is resorted to as a means of facilitating its removal by 
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the action of water. For this purpose a tunnel is driven along the upper 
surface of tlie bed-rock into the hilJ, which may be 150 feet in hoighti 
and a number of kegs of powder (frequently above a hundred) are intro- 
duced. The tunnel is now re-filled with eartli, and the jwwder is 
exploded by the use of a properly-arranged slow-burning fuse. Tlie 
explosion, which often makes comparatively little noise, loosens and 
shatters thousands of cubic yards of the surrounding hill, ami materially 
facilitates its subsequent removal by the water tlirown against it through 
the nozzles. 

In hydraulic claims, generally, all the alluvium is removt*d to the bed- 
rock, but in some cases working has to be suspended long Indore this 
point is reached, from the circumstance of the eon formation of tlie 
country not allowing of an outlet for the water at that depth. The 
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cheapness and expedition of this process admit of very poor alluviums 
being treated with advantage ; and in some exceptional cashes, claims in 
which the dirt afibrtled gold to the value of only 3 c. ])er ion of 15 cubic 
feet (2Jd, per cubic yard), have been worked with satisfactory results. 

The accompanying w'oodcut (fig. 221), from a jdiotograph of tlie Palm 
claim, Timbuctoo, Yuba county, Oulifoniia (1865), will afford a good 
idea of the general appearance of an extensive hydraulic washing. 

In many claims a larger amount of water is required for piping down 
tlie bank than for washing the dirt removed, and in such cases tlie sluice 
cannot be kept properly supplied without the aid of gunpowder. 

Some idea of the magnitude and importance of the water interests in 
the United States may be gathered from the following statistics : — 
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Total length of ditch lines . . . . 10,783 miles. 

Total length of ditches proper . . . 10,183 „ 

Total length of flumes .... 450 „ 

Total length of pipes .... 150 „ 

Maximum capacity of ditch linea, gallons per ) 

24 hours i 7,560,000,000 

Total cost of plant, including reservoirs, &c., ) 

and excluding cost of water right . ( ^ 7,056,942, 1 a 


Extraction of Gold from Auriferous Veinstone. 

The methods employed for the extraction of gold quartz from the 
mines differ in no respect from ordinary mining operations applied to the 
systematic working of mineral veins. After the quartz has been obtained 
by the operations of mining, it is necessary that it should be reduced to 
a state of fine division before the separation of the gold it contains can be 
effected. Various contrivances are employed for this purpose, and one 
of tlie simplest and most primitive is the arrastra. 

Aruastua. — This apparatus, as constructed for the treatment of auri- 
f(uou.s ores, is essentially similar to that used in Mexico. (See fig. 204, 
p. G85.) 

The charge of such an arrastra is about 4 cwts. of quartz, previously 
broken to the size of beans, and requires to be ground during from four to 
five hours, to reduce it to a sufficiently fine state of division. Water is 
now added and thoroughly incorporated with the ground ore, care being 
taken that the resulting mud be not too liquid. When the paste has 
assumed the proper consistency, that of thick cream, mercury is scattered 
over its surface, by squeezing it through a piece of canvas, in the pro- 
portion of about 2 ounces to every ounce of gold supposed to be con- 
tained in tlie quartz. The grinding is now continued for a further period 
of two hours, by which the mercury becomes divided into minute globules, 
whicli are disseminated throughout the mass, and effect the amalgamation 
of the gold. When the operation is supposed to be complete, more water 
is let in on the surface of the paste, and the mullers again set slowly in 
motion. By this treatment the lighter earthy particles become suspended 
in water, while the heavier amalgam gradually collects at the bottom. 
This result is supposed to have been attained at the end of about half 
an hour, when the mud is run off, leaving the gold amalgam and mercury 
at the bottom. Another charge is now introduced, and the process is 
repeated as before. 

The run with a rude arrastra of this description generally extends over 
a week, but sometimes over a considerably longer period. For the purpose 
of cleaning up, the stones of the bed require to be taken up, in order to 
collect the amalgam which settles between them, and the whole of the 
mud must be removed and carefully washed. 

The amount of work performed by this machine is small in comparison 
with the power expended 3 but the proportion of gold extracted is generally 
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larger than is obtained with more ex])editious and more complicated 
apparatus. TJio arrastra is, therefore, not unfreqiiently employed as a 
means of making a practical trial of the value of gold quartz, Ijefore pro- 
ceetiing to erect expensive macliinery for its treatment on a large scale. 
In California this extremely primitive contrivance for working auriferous 
quaitz has now almost entirely disappeared. Those, however, who 
travelled through that country about the year 1854 will remember 
frequently falling in with families of Mexicans, who, in some secluded 
valley, with a couple of wretched mules harnessed to a rude arrastra, 
managed to pick up a scanty living from the outcrop of some quartz 
vein. 

Crushixg-Rolijs. — Many years since, enisliing-mills were introduced 
at the Pestarena Clines in the North of Italy for the reduction of auri- 
ferous ore to a line state for amalgamation, and these still afford satis- 
factory results. Latterly crushing- rolls have been applied by Krom of 
New York to a similar pur]»ose. The shells are of steel about 23 indies 
thick, from 26 to 30 inches diameter, aiul from 15 to 16 inches in length 
on the face. The pillow-blocks of one of the rolls are firmly bolted to a 
bed-plate, wliile the hearings of the other arc on tlic end of a swinging 
arm which can he brought near to or more distant from the face of the fixed 
roll. Each roll is driven by an independent belt at a speed of from eighty 
to one hundred revolutions per minute. The rolls are housed,’’ or 
covered in, and an exliau>ter is employed fur the purpose of witlidrawing 
the dust as soon as jiroduced. 

By means of a stone-breaker, a coarse- and a fine-sand crushing-mill, 
quartz is reduced sufficiently fine either for pan or plate amalgamation. 

One jiair of steel rolls at tlie Leilraiid Mill, Nevada, is stated to have 
reduced 20,000 tons of quartz to a sufficiently line state for milling. 

Pi LVERiZERS. — Of late years numerous altenipts have hciui made both 
in Europe and in America to sub>titute pulverizers for the stamping-mill, 
but all such attempts liave ended in practical failure. The drawbacks 
usually attendant on tliis class of apparatus are an (‘xcessively high speed, 
requiring fur its maintenance a large expenditure of jkjwit, inducing costly 
wear and tear, or a slow speed, and great friction lietween the heavy 
grinding parts. 

Grizzlies and Stone-Ureakers. — The quartz as it comes from the 
mine, large and small pieces together, is usually tijqnjd upon a grizzly or 
screen inclined at an angle of 42", the bars of which are set 2^ inches 
from each other. The small stuff, wdiich passes through the openings be- 
tween the bars, falls into the hopper of the stamps, while the coarser 
lumps are reduced to sizes from and below 1 J inch cube, and also fulls into 
the same receptacle. The dimensions of a grizzly will vary with the size 
of the stone-breaker and w’eight of quartz to be treated per hour. When 
the jaw of the stone-breaker measures 15 inches by 9, the grizzly may 
be feet wide and 12 feet long, formed of twenty-four bars of wrought- 
iron 1 inch thick and 2 inches deep. 
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Stamping* Mill. — Probably nineteen-twentieths of the quartz crushed 
for the purpose of extracting its gold is pulverized in the stamping-mill. 
In fact, this may be said to be the only machine extensively employed 
for the reduction of auriferous veinstone. It essentially consists of a 
series of heavy pestles enclosed in a rectangular mortar, each of which is 
successively lifted by means of a cam, and then allowed to fall with ite 
full weight on the ore operated upon. A constant supply of mineral is 
kept up in the mortar, 'while that which has become sufficiently reduced 
in size is gradually removed, by suspension in water, through the apertures 
of properly arranged sieves or screens. In some cases the stems or lifters 
are of wood, as in the old German and Cornish stamping-mills, but the 
modern machine, figs. 222, 223 (pp. 776, 777), is more frequently em- 
ployed. The size of the apertures in the screens is varied in accordance 
with the dimensions of the particles of gold in the rock under treatment; 
but it is evident that with very small apertures the amount of rock 
crushed, all other conditions being equal, will be less than when a coarser 
grating is employed. Screens are commonly made of thin sheet-iron, in 
which are punched, at regular intervals, holes of the diameter of a large 
sewing needle. The auriferous material having become reduced to the 
state of finely-divided sand, it becomes necessary to find means for the 
concentration and separation of the released gold. This may be effected 


either with or without mercury. 

The depth of the surfaces of the dies below the bottom of the screens 
is a point upon which there is among mill men much diversity of opinion. 
The practice in America and Australia is to let the top of the dies stand 
from 1 to 3 inches below the bottom of the screen. At St. John d’el 
Key, where the gold, in an extremely fine state of division, is associated 
with iron pyrites, “deep stamping'' is alleged to give more favourable 
results than sliallow stamping. At that mine the surface of the dies 
is about 15 inches below the bottom of the screen. The weight of the 
modern round stamp head varies from 500 to 900 lbs. In dry crushing- 
mills the drop of a head 850 lbs. weight is from 7 to 8 inches. In wet 
crushing-mills the length of drop is perhaps rather less, from 5 to 7 inches, 
especially when the rock is soft and the gold fine. The number of drops 
per minute ranges from 80 to 110, the average for an ordinary mill being 
about 90. When the die is new its face is almost on a level with the 
top of the discharge opening. Amalgamation in California is now gene- 
rally effected, both inside and outside of the mortar, by means of amalga- 
mated copper or electro-silvered plates against and over which 
either dashes or flows. By mortar and plate amalgamation from 50 to 80 
per cent, of the free gold in the pulp is obtained. ‘‘ Low-feeding, that is, 
supplying a small quantity of rock to the battery as often as required, is 
carefully observed in all well-ordered mills, as the blow of the stamper is 
held to be more effective on a thin than on a thick stratum of stone. 
Some diversity of opinion prevails among mill men as to the order in 
which the several heads should be lifted and dropped m the mortar-box, 
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as ««11 as rogarJiug Uie number of heads oontained in each box. In 
America the number is invariablj fire. In Australia alto five heads an 
generally gnmiK'd U'gother, except in the more recent pnoumatic stamps, 
which have only a single head. Five heads are constructively Ycry con- 
venient, and this is the numlter generally couUiui'd in each mortar-box ; 
the onlcr in wliich the staiu|H*ni are resja'ctively lifted and dropped in 
v.irioiis live-stamp lialteries is given b<>h>w : — 


CAliftxnm . 


i5 .1 ! I 2 
#1 a & 2 4 


. . J 4 s’! 3 

AuittrmlU H 4 2 J f» 

Autt)matic feodi^rs aro in>\v fm|noiitIv ♦‘riipltiVtMl ifi Am*'rira for 
didivorhv^ tht* quartz to iht* iiit>rtar*ln)xt“v. < >ir* fci‘iii*r is to 

each I>oA, autl pLirrd iiiime<iiat< ]v Wiiiid it. 

in Ilitfenj. — When iiR'rcury is umnI in the hattent^s 
they are oftt^n furni^hetl \Mtii umali'amated et»j>[H*r plate.s of about /» niches 
in width exteiitiing the whole len^^th of the liattery-box or mortar, nm* 
of these is placed on the feed ukh*, ami the ttlher on the .side of the 
discharj^e, the former bidiij: protected by the irtm lining of the feed- 
hopper, and each havin’^ an ineliuatioii of a) xml foity-tive degrees. 
AVhen these are not employed, the aurifcron& amalgam aeeiimulates in 
the spaces between the dies, a.s well ivs between the die.s and the sides 
of the box. Tlie quartz, previou&ly broken to a convenient size, i.s 
supplied by the feed aperture. A small .stream of water flows into the 
battery-b(*x through a gas-pipe, and a little mercury is sprinkled into 
it, by tin* feeder, at intervals of about an ln>ur, ami in (juantitif's varying 
wdth the estimated ricluiess of the rock wdiicli is h(*ing workeil. For its 
collection in the battery an ounce of gold r»*({uireK about an ounce of 
mercury, but when the gold is in a finely divided state the adihtion of 
a small exces.s of nn‘rcury is advantageous. The proj>er proportion is, 
however, r<*adily arrived at by closely watching the discliarge. When 
any particles which pass through the screens are ok-served to be dry and 
brittle more mercury must be athled. If, on tlie contrary, soft and 
pasty globules of mercury jias-s off, the supply of that metal requires to 
be diminished. The amalgamation of gold is satisfactorily effecU^d when 
the proportion lias been projxjrly adjusted, excepting in the case when* 
the gold is coated by minerals which interfere with its combination with 
mercury. When the rock contains coarse gold, and a projicr 8U]>])ly of 
mercury has been introduced, from 60 to 80 pi^r cent, of the precious 
metal is caught in the battery. When, as is sometimes the case, the 
gold obtained is in a very finely divided state, and is as.sociated witli silver 
ores or other sulpliides, the results are less satisfactory. In some instances, 
when such ores are under treatment, the alloy olitaincd, after tlie removal 
of mercury by distillation, only yields about one-third of its weight of 
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gold, while the amalgam is spongy and of a dark colour, consisting of an 
aggregation of minutely divided particles. Amalgam of this description is 
light, and consequently difficult to collect, whether by riffles, amalgamated 
copper plates, blankets, or by any of the other appliances employed 
for the purpose. When, therefore, the rock operated on is of such a 
nature as to yield an amalgam of this description, amalgamation in the 
battery is not to be recommended, since this spongy product, being liable 
to float off, in spite of all the precautions taken to arrest its progress, 
is even more difficult to catch than finely divided gold. For the 
purpose of collecting the particles of gold and amalgam which escape 
through the screens, various contrivances are resorted to. As, however, 
these differ but little, whether mercury be added in tho battery-box or 
otherwise, it will be sufficient to describe some of the more important. 

Blankets. — At Grass Valley, one of the most important quartz-mining 
centres of California, a large proportion of the gold has been obtained 
from mills, in connection with which blankets have been employed. 
In such mills the sand and water, escaping through the screens, are 
conducted over the surface of blankets forming the lining of shallow 
sluices, inclined at an angle of from three to four degrees with the 
horizon. Beyond the blankets are amalgamated copper plates, which are 
again followed by some contrivance for collecting the auriferous mate- 
rials which have not been arrested in the upper portion of the appa 
ratus. Finally, there is generally a long tail-sluice for collecting any 
auriferous sulphides which would otherwise be lost. The troughs in 
which the blankets are placed are from sixteen to eighteen inches in 
width, wdth a regular longitudinal slope, care being taken to lay them 
perfectly level in a transverse direction, so that an equal depth of water 
may flow over every part of the bottom. 

Tlie blankets used for this purpose are generally woven from long 
wool, and are of such a width that when wetted and fitted closely to the 
bottom and sides of the trough tliey extend about half an inch beyond the 
latter. In laying them in the sluices they are so placed as to overlap one 
another like the slates on a roof, in order that the water flowing from the 
upper one may run directly over that next in the series, without allowing 
any sand to find its way between the bottom of the sluice and the covering 
of blankets. The troughs are made in two or more lengths, and are so 
disposed that the sand and water flowing from the first, fall upon the 
second from a height of three or four inches. This arrangement of bat- 
teries and sluices ^ will be understood by reference to the woodcuts, figs. 
222, 223, the first of which is a longitudinal section, and the second a 
plan. In front of the battery-box, A (fig. 222), is a water-tight trough, B, 
of the same width, wliich has an opening, 6, communicating with the 
sluice, C. There is also a second aperture, h\ at the end, which, like the 
first, can be closed, either by a wooden plug or by wet blanketing. Before 
each battery is a sluice, C, and between each pair is a third, C' (fig. 223), 

1 These are also called blanket-tables and blanket-strakes by English gold-miners. 
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Fig. 222. —StAmping-Mill, with Blanket-Sluices and Riffles ; longitudinal section. 
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which is used when either of those on each side of it is thrown out of action 
to remove the blankets. When in the ordinary course of working, the 
water from the batteries, carrying the crushed ore in suspension, passes 
through the troughs, C, and flows over the blankets with which they are 
lined, a large proportion of the gold and other heavy minerals in the vein- 
stuff becomes entangled in the fibres of tlie wool, while the lighter particles 
of quartz are carried off by the current and escape at the lower end of 
the trough. After a time the blankets become covered with a deposit 
of the heavier particles in the ore, and the catching action of the fibres 
ceases, so that to maintain their efficiency they are frequently washed, 
and subsequently replaced in their respective troughs. At the upper end 
of the sluices, wliere the deposit is lieaviest, this operation is performed 
at intervals of fifteen or twenty minutes, in the following manner. 
The orifice, communicating with one of the sluices, C, is closed, and 
the aperture, h\ in connection with the central sluice, C', standing 
between the two batteries, is opened. The water is thus turned off from 
the sluice, C, while the discharge from the battery is directed througli 
the central trough, C'. As many of the blankets in the first trough, C, as 
may require it, are now taken up and folded to prevent the loss of any 
of the adhering matter. They are then taken to a cistern prepared for 
that purpose, and, after being carefully washed, are again laid in the 
trough, from which they were removed. The dischargt‘ from the battery 
is now cut olf from the sluice, C', and again admitted into its original 
channel ; the same O[)eration being repeated whenever it is found neces- 
sary to wash up the blankets on the sluices, C. When it is found 
requisite to remove the blankets from the intermediate trough, G', it is 
done during the time that those on either side of it are in operation. 
Instead of the arrangement de^scribed, two sluices are .sometimes con- 
nected with each battery, and, in such cases, one is b(jing cleaned up 
while the other is in use. The blankets on tbti lower sluices, D, J)', 
often remain some hours without being washed. Tlie gold retained in 
the biittery, added to that collected on the blankets, will, in tlie majority 
of cases, amount to eight-tenths of the total produce from the rock 
operated on. A notable proportion, however, escapes over the blankets, 
and other coiitiivance-s, such a.s amalgamabid plates and concentrators, are 
adopted to airest the largest possible percentage of this light gold. For 
this purpose amalgamated copjier plates are generally emjiloyed. 

Amahjaynaftd Plates , — In fig. 223, the discliarged material from tlie 
blanket-sluices, which are inclined at an angle of about three and a half 
degree.s, is conducted tlirough troughs, E F, E' F', lined on the bottom with 
amalgamated copper plates. From these the current ]«isses to ilie reser- 
voirs for the collection of tailings. The riflle-]ilatcs in the sections, E, E', 
are made to slide in and out of their places, for the purpose of being 
cleaned or re-amalgamated, and are usually from eight to ten inches in 
length ; those in F, F', are also movable, but are made somewhat longer, 

In many American mills erected for the treatment of material contain- 



GOLD. 779 

ing free gold, that metal is now partly collected on amalgamated plates 
set within the mortar-box, and partly on plates laid in front of it. 

These copper plates are often plated on one side with silver. The 
front plates are | inch in thickness, 4 feet 6 inches wide, and vary in 
length from 6 to 12 feet. The inclination given to the amalgamated 
plates is regulated by the class of pulp to be treated. In ore composed 
of quartz, finely divided gold, and sulphide of silver, a fall of or 1| 
inch per foot is held to be sufficient. 

The presence in the water of grease, derived from the machinery or 
any other source, materially interferes with the process of amalgamation ; 
but the occasional introduction into the battery of a shovelful of wood- 
ashes from the ash-pit of the boiler, removes any traces of oil, and keeps 
the surfaces and amalgamated plates constantly bright. 

The addition of a minute quantity of metallic sodium, or of a little 
sodium amalgam, to the mercury employed for the collection of gold has 
been recommended, and at least two patents have been taken out for the 
use of sodium amalgam. Dr. Wurtz applied for an American patent in 
November 18G4, and ^Ir. Crookes made a similar application in this 
country in February 18G5. 

The evidence obtained with regard to its efficiency has been of a 
somewhat conflicting nature, and its adoption by those employed in the 
treatment of gold quartz has perhaps been less general than was anticipated. 
It is, however, certain that the addition of a small amount of sodium 
amalgam to the quicksilver used for separating gold from auriferous 
]»yrites, is sometimes attended with benefleial results. 

Cleaning-iip , — The stamping-inill is kept continually at work day 
and night, and the frequency with which the battery-boxes are cleaned 
up is to a great extent regulated by the richness of the rock operated 
upon. When mercury is introduced into the battery the boxes are 
cleaned up every three or four days, but, in establishments where no 
quicksilver is used in the mill, this operation is generally put off until 
the end of the week. In the former case a very large proportion of the 
gold is takt n from the battery in the form of amalgam, and, even when 
quicksilver is not introduced, the cleaning up of the battery-box furnishes 
a considerable percentage of the produce. When it has been determined 
to clean up a battery, the props are placed under the tappets, so as to 
keep the stamp-heads raised to their full height ; the screens are now 
removed, and the dies taken out. The whole of the sand and other 
auriferous material is then carefully collected in a pan, and, after every- 
thing that may be adhering to the dies has been washed off into the same 
vessel, they are again introduced into their places. When quicksilver 
lias been employed in the battery, in addition to removing the dies and 
collecting the sand and amalgam, the mercury in the riffles is changed 
and the copper plates scraped and re-amalgamated. When this has been 
done the screens are fastened in their places, and the props taken from 
under the tappets. The coarser the gold in the rock treated, the larger 
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will be the percentage of the total produce retained in the battery. In 
order to separate the gold and amalgam from the sand and j)yrites with 
which they are mixed, the materials resulting from a cleaning-up are 
generally washed by panning. This may be done in the cistern used for 
washing blankets, since by this means any gold that may pass over the 
edge of the pan is collected for subsequent treatment In a large num- 
ber of the more modem mills, broad amalgamated copper plates, wells, 
and riffles, precede the blankets, and the latter are often replaced by 
more perfect mechanical methods of concentration. 

Amahjamation of Blanket Washings^ 4*^. — The recovery of the gold 
contained in the pyrites and other matters caught on the blankets, and 
collected in the washing tank, is effected by amalgamation in various 
ways. In some cases they are ground with water and mercury in an 
arrastra, the bottom of which is an iron pan, to which motion is imparted 
from shafting connected with the stamping-mill. Sometimes one of the 
pans described, when treating of the processes employed in Nevada for 
the amalgamation of silver ore, is used ; but in the Grass Valley district, 
a very simple contrivance is sometimes employed. 

This consists of two horizontal wooden rollers, each eight inclics in 
diameter and two feet in length, furnished with numerous flat blades 
of iron arranged radially on their circumference. 

These rollers are, ])y means of belts, made to revolve in shallow 
cisterns of mercury, in a direction contrary to that of the current of 
water flowing througli the machine, and above them is a hopper, into 
which is introduced the sand to be wa>hed. Below the rollers is a riflle- 
board, with an inclination of seven degrees, either covered with removable 
plates of amalgamated copper, or, if the latter are not used, having the 
steps of the riffles reversed and filled with mercury. The auriferous sand 
taken from the cisterns in which the blankets have been washed, is 
jdaced in the liopj)er, and a stream of water sli^ditly warmed is allowed to 
fall into it in such a way as to gradually wash it under the rollers, and 
thence over the surface of the riftlc-board. 

In some mills the whole of the pyrites, <te., collected on the blankets 
is ground in iron pans, while, in exceptional cases, wliere the rock is rich 
and contains “ base metals,” every portion of the material issuing from 
the stamping-mill is subsequently treated in large pans in the same 
manner as silver ores. 

Tailingfi, — The tailings wliich csc4ipe over tlie blankets and other 
contrivances emjfloyed for arresting gold, are collected in settling pits, 
and are washed for the jmrpose of concentrating the auriferous sulphides. 
This may be effected by the use of tyes, liuddles, rockers, shaking- tables, 
<fec., and a valuable amount of gold, that would otherwise be lost, is thus 
recovered. In many instances the use of settling pits and reservoirs is 
dispensed witli, the concentrating appliances being so arranged that the 
tailings pass directly on to them from the sluices and riffles. 

CoNCENTRATOKS. — The gold distributed in vein-stone frequently 
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presents peculiar difficulties to the mill man. No matter how perfect 
may be the appliances a greater or less loss will always occur. In some 
instances less than 50 per cent, of the assay value of the gold is ob- 
tained, while in the most successful cases it scarcely exceeds 90 per 
cent. Coarse gold enclosed in any kind of stony matrix is collected 
without much difficulty, but heavy losses are always experienced in the 
treatment of quartz, in which the gold exists in association with sulphides 
and arsenides, when concentrating machinery must be employed for col- 
lecting and delivering these minerals in a state suitable for their subse- 
quent treatment for gold. 

In order to obtain the best results, the grains of which the pulp is 
composed should be first classified into particles of approximately equal 
dimensions. The apparatus necessary for this purpose is usually of simple 
construction. Rittinger contrived the Spitzkastm or pointed box, as well 
as a slime separator, known as the “ Spitzlutte,” or “ V trough,” while 
various German and Belgian engineers have constructed classifiers of various 
descriptions. In Australia, end-blow shaking- tables, and concave buddies 
fitted with a special a])pliance for washing the concentrates while on the 
floor, are much used; while in America, revolving belts, known under 
different names, and concentrators of the huddle type, are likewise em- 
ployed. Tlio Frue vanner is in America extensively employed for con- 
centrating auriferous iron and copper pyrites, as well as for mixed ores 
carrying small amounts of gold and silver. The revolving belt of this 
machine, as well as tlie method of distributing and dividing the pulp, 
were introduced by Brunton, into Cornwall, for the treatment of tin 
slimes, more than fifty years ago, the short swinging transverse move- 
ment given to the belt being the only new feature of the apparatus. The 
belt, made of india-rubber, supported on light rollers, moves against the 
flow of pulp, which is divided by jets of water into concentrates and 
tailings. 

Retorting, and Fusion into Ingots. — The amalgam collected during 
the various operations for the treatment of auriferous products is, simi- 
larly to that obtained from placer sluices, first filtered, either through 
canvas or buckskin, and afterwards retorted, the gold being finally melted 
into bars. 

Generally, the redundant mercury is separated by filtration through a 
prepared skin, in which the pasty amalgam remaining is wrung, until it 
assumes the form of a somewhat granular mass, having the consistency 
of putty. This contains about 35 per cent, of gold, and before being in- 
troduced into the retort is moulded into lumps. The retort employed is 
of cast-iron, and has often the form of an ordinary black-lead crucible, 
varying in size in accordance with the quantity of amalgam treated at 
each operation. The top is turned flat, and provided with a well-fitting 
cover, secured in its place by a screw-clamp. Into this is screwed an inch 
gas-pipe with a bend at right angles, and, at a distance of about three 
feet, this is again bent downwards, so as to form anotlier right angle. 
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Before lut^xlucing the amalgam, the inside of the retort is slightly 
covered by a thin coating, either of clay made into a thin paste with 
water, or with a mixture of water and wood-ashes. This is done in onler 
to prevent the adhesion of the gold, in case of its being accidentally too 
strongly heated. The cover should l>e luted with a little clay, before 
being fastened in its place. When the balls of aiiialg?ini have l)(*en put 
in, and the cover has been fixed in its place, the retort, with it^ contents, 
is introduced into an onlinary wind furnace, like that employed for the 
assay of iron ores, and a coke or charcoal fire made around it. The open 
end of the pi[>e will now’ lx* within a short distance of the floor, and 
beneath it is placed a j>an of water, into which a piece of canvas, bound 
around it so as to form a hose, is allowed to dip to the deptli of about 
half an inch. In order to prevent accidents from the ascent of water into 
the retort, the level of that in the pan must be ki*pt below the (‘lul of the 
metal pipe, and the descending limb of the apparatus is cotded hy being 
bound with cloths which are wetteil hy the constant application of cold 
water, or a Liebig condenser is sometimes emjdoyed. The latter has the 
advantage of being neater, and also of requiring less att<‘ntion on the 
part of the person in charge of the operatitm. When the apparatus has 
been thus arranged the fire is lighted, and the heat gradually increased, 
until the rt*tort has acquired a dnlbred colour, care being at llie same 
time taken to insure perfect condensation of the mercury. In this way 
the heat is kept up for some time, but when the pipe l)egins to cool, and 
drops of quicksilver no longer fall from its extremity, the oj)cration is 
finished. The fire may now be withdrawn, and tlie retort removed from 
the funiace. The cover should not, however, be removed until the retort 
has become nearly cold, to avoid the difru«^ion of mercurial vaj)ours in 
the atmosphere. Wlien very large quantities of auriferous amalgam 
have to be dealt with, a fixed retort, simihir to tliat emf)loyed for tlie 
treatment of silver amalgam, may he used with advantage. 

Retorted gold is generally melted, for the purpose of being east into 
ingot.s, in the fnmace u.sed for heating the retort during the distillation 
of amalf^m. Either coke or charcoal may be employed a.s fuel, and the 
black-lead pots in which the fusion is effected should be W’(;ll annealed 
before being exposed to the full heat of the fire. The spongy gold, wdiich 
at the commencement of the operation filled the |)ot, wlien fused, occupies 
much less space than it did previou.sly; so that as soon as the first charge 
has melted, the cover may be taken off, and a further addition of retorted 
gold made. A little borax is added with each charge*, and wlien the 
crucible has become sufficiently full of fused metal, it is withdrawn with 
a pair of stout tong.s, and its contents poured into open cast-iron moulds. 

The cost of extracting the gold from a ton of auriferous quartz varies 
within wide limits according to the richness and nature of the rock, and 
the cost of the fuel, labour, <fec., in the locality. It is also evident that 
watermills can work more economically than those employing steam- 
power. In California, in 1875, the Chariot Mine, Sail Diogo, treated 
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2.500 tons of quartz, yielding on an average $55, at a cost of $4 per ton 
of 2,000 lbs., while the Sierra Buttes, in Sierra County, worked 53,959 
tons, yielding on an average $8*50, at a cost of $0*83 per ton. During 
the same year the average cost of treating one ton of auriferous quartz at 
thirteen of the most productive mines in California was $1*86 per ton. 

At the present time (1886) the cost of milling is considerably lower 
than in 1875. At Sierra Buttes, with ninety-three heads of stamps at 
work, it is reduced to $0*56 per ton. 

At the Home-Stake Mines, Dakota, auriferous slate is amalgamated 
within the mortar-boxes and on plates in front of them. During the 
year ending 1883, the number of heads in work was 200 ; number of 
tons crushed, 191,505; value of stuff, 23s. 9d. per ton; cost of mining 
and millin", 16s. 5d. per ton ; profit, 7s. 4d. per ton. 

Dnj Stam'ping . — Auriferous ores, if largely associated with sulphide of 
silver, are usually first dried in a revolving furnace, then stamped dry in 
the mill with a proportion of common salt, and subsequently chloridized in 
a revolving or Stetfeldt furnace. A head weighing 800 lbs., with a drop 
of 7 inches, making ninety drops per minute, will pass through double 
discharge wire-wove screens having nine hundred holes per square inch, 
about one ton of dry dust during twenty-four hours. With a single 
discharge under similar conditions of speed with the use of water, a head 
will reduce to the condition of pulp of the same degree of fineness about 
twice as much ore in the same time. 

Australian Gold ^Milt^s. 

In Australia the reduction of auriferous quartz is effected by methods 
generally similar to those described as in use in California ; but there are 
some notable differences in the construction of the machinery, as will be 
seen from the following account of the Australian gold-saving apj)aratus in 
use at tlie Phoenix Gold Mines, in South Wynaad, India. The quartz at 
that mine is of the usual degree of hardness, and is associated with from 
2 to 3 per cent, of pyrites assaying from 2 to 4 ounces of gold per ton. 
The quartz itself contains only from 3 to 5 pennyweights per ton. The 
quartz is reduced to a jmlp which passes through screens with two hun- 
(Ired holes to the square inch. The pulp and water flow over three sets 
of amalgamated copper plates with a fall of 1 in 14, whose width is the 
same as the length of the mortar-box, namely, 50 inches. Fig. 224 is an 
end elevation of the stamps employed. 

Contrary to American practice, the entire framework, guides, and 
guide-pieces are of cast-iron, while the cams are on a second motion shaft 
driven by spur gearing. A', cast-iron frame ; B, platform in front and 
rear of cam shaft ; C', spur-wheels for driving cam shaft ; D, steel cams 
mounted on shaft ; F, mortar-box ; G, stamp head ; H, die at bottom of 
mortar-box ; J, stamp screen ; K, splash cover of sheet-iron hung in front 
of stamp screen ; L, flat screen for distributing pulp equally across the 
head of first amalgamated plate ; M, first amalgamated plate, 24 inches 
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lonpi, on the line of flow ; N, second amalgamated plate, 63 inches long ; 
O, third amalgamated plate, 24 inches long ; P, mercury well ; R, pipe 
for supplying mortar-boxes with w'ater ; S, weight for keeping clutches 
in gear ; T, stem attached to stamp-head. 

It will be observed tliat the top of tlie die is level with the bottom of 
the screen, and that the di&tanco bt tween the stamjvhead and front of 
the mortar-box is very small, about inch. The amalgamation of gold 
with mercury not etfected w'lthiii the nioitar-lK)X, but takes place exclu 
si\ely on the plates and in tlie mercury well. From the meicury well, 



Fig 224 — Australian Htatnping Mill , ond elevation. 


P, the pulp passes o\ or amalgamated plates and two mercury riffles, each 
about 3 inches wide and inch deep, and is finally concentrated on a 
shaking-table having at the head a pan-like depression from the bottom 
of which the concentrated sulidinles escajie, through an easily regulated 
valve, and are collected in a reservoir, while the impoverished tailings 
pass off at the other end. The pyritic concentrates from the shaking- 
table are subsequently amalgamated in Wheeler pans and finally passed 




GOLD. 785 

through a set of Ilungariaii mills. Each stamp-head makes from 60 to 
70 drops, each of 9 inches, per minute. 

From the reduction of 7,500 tons of quartz, 270 tons of pyritic con- 
centrates were obtained. The gold collected from the pyritic quartz, 
7,500 tons, was 1,075 ounces, or at the rate of dwt. per ton. 



Fig. 225.— Queensland Gold MiU ; longitudinal section. 


The several parts of the apparatus afforded the following proportionate 
quantities of the total weight of gold obtained : — 


Mortar-boxes .... 

Per Cent. 
. 9*2 

Amalgamated plates 

. 56-8 

Mercury well and riffles 

8*1 

Wheeler pans (from concentrates) . 

. 22-2 

Hungarian mills do. 

. . . 4-7 


100-0 


The amalgam collected on the plates contained about one-third of 
its weight of gold. The concentrates, 270 tons, yielded 1 oz. of gold 
per ton. 

An exceptionally well-constructed quartz-crushing and amalgamating 
mill, erected for the Queensland Commissioners at the late Colonial 
and Indian Exhibition by Messrs. John Walker & Co., of Mary- 
borough, Queensland, is represented in perspective elevation^in the 
folding plate,^ and in transverse section and plan in figs. 225, 225, which 
have been kindly furnished by the proprietors of * The Engineer.* The 
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stamp battery of five heads, each weighing 800 lbs., and capable of crush- 
ing 48 cwts. of quartz in twenty-four hours, has a cast-iron framing of 
which the principal element is a 10-inch tubular column, with a flanged 
])ase 7^ feet wide, carrying the bearings of the cam sliaft, as well as a 
lighter pair of pillars with cross girders for the stamp-guides. The cam 
shaft, driven at one end by a belt from the engine, makes about 35 revolu- 
tions, giving double that number of drops of the stamps, per minute. The 



stamp-dies are placed at most two inches be- 
low the lower sill of the discharging aperture. 
The screens are of best charcoal sheet-iron, 
about No. 28 B.W.G., with 225 holes to the 
square inch. Chilled cast-iron shoes and 
dies are used ; but according to Mr. Longs- 
den, very good results have been obtained 
in Queen<iland from the use of wrought- 
iron shoes made fiom scrap blooms, as the 
soft metal becomes incnisted with particles 
of quartz, and then acts much in the same 
way as a diamond- or emery-faced surface. 
The battery water is supplied at the rate 
of 100 gallons |)er hour for each head from 
the pipe below the cam shaft in front. ISfer- 
cury is used in the battery, and a strip of 
blanket is placed along the sill of the dis- 
cliarging aperture, immediately in front of 
the scieen, to prevent loss of amalgam. The 
sill face amalgamators, 5 feet m width, are 
divided into three senes by two sets of 
mercury 'wells and riffles, whose lengths are 
22 inches, 6 feet, and 7 \ feet respectively. 
The mercury well i.s a square tiough, jiio- 
vided with an amalgamated stop or back 
jdatc, 'which brings the stieam falling over 
the edge of the board into close contact 
with the mercury. The copper plates ate 
electro-silvered before amalgama..ion, and 


Fig 226.— Quee jpU nd Gwid Mill , fcodium amalgam is used at regular inter- 

vals to quicken the action as well as to 


prevent flouring of the mercury. The concentration of the ppites is 
effected by a percussion-table with a continuous discharge placed below 
the surface amalgamator. This is hoiizontal at the upper end, but sharply 
inclined towards the bottom, and is also slightly dished in the centre, 


having a discharging aperture at the lowest part, which is regulated by an 
adjustable valve. The table is suspended by links at the four comers, and 
is kept in rapid movement by a three-armed cam, making 64 revolutions 
per minute, which forces it against a buffer-stop jdaced below the lowest 
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amalgamating table. The heavy deposit passes through the valve, while 
the lighter waste is carried over the end of the table into the tailings 
gutter below. The concentrated deposit, after passing through a Boss 
pan, where it is triturated with mercury, is led into a 7-foot settler, where 
the last separation of amalgam takes place. At a subsequent period, 
after the illustration was engraved, two Berdan pans were added to the 
plant. In these machines the grinding is effected by heavy balls of cast- 
iron, working in an annular trough of U-shaped section, which revolves 
about an inclined axis. They are used to a considerable extent in 
Australia, but not much elsewhere. 

Hungarian Mill. 

At Schemnitz in Hungary, quartz vein-stuff, containing iron pyrites, 
galena, and a little free gold, is stamped and subjected to amalgamation 
in the apparatus represented in fig. 227, known as the Hungarian or 



Fig. ' 227 , 


Tyrolese mill. This consists essentially of a cast-iron basin, a, by c, d, 
carried upon a framework, A, with a driving-shaft, x, passing through a 
tube in the centre, wliich receives motion from a spur-wheel below, and 
turns the runner, /, by means of a cross head and suspension rods, g. 
The outside of the runner, which is made of hard wood, is similar in 
shape to the inside of the pan, and carries a series of iron blades projecting 
radially from the less stee})ly inclined part of the side ; and it also has 
similar blades 011 the bottom. The inside is hollowed out to a funnel 
shape, leaving a narrow annular passage for the admission of the pulp 
around the central tube. The bottom of the basin is filled with mercury 
to a depth of ^ to | inch, which requires about 50 lbs. in a 16-inch pan. 
Usually several mills are employed in connection with the same stamp- 
battery, and are arranged in series at different levels, as shown in fig. 227. 
When the runner is so adjusted by the suspension rods that the blades 
are about J inch from the surface of the mercury, it is set in motion, and 
the pulp from the stamps, arriving by the spout S, enters at the centre of 
the upper mill, and after passing over the mercury, is discharged by S' into 
the lower mill, where it is similarly treated, and passes out by S" to the 
concentrating apparatus. The speed of rotation varies from twelve to 
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twenty-four revolutions, according to the density of the associated 
minerals, and is so regulated that the current may pass freely over the 
mercury without forming any deposit upon it, the flow being kept up 
by the centrifugal action of the runner blades, so that only the free gold 
subsides and amalgamates, while pyrites, galena, and other minerals 
pass out together with the gold that escapes the action of the mercury. 
The mills are cleaned out at intervals of two to four weeks, and the 
amalgam is Altered and distilled in the usual way. 

According to Rittinger, a larger proportion of gold is saved when 
distilled mercury is used in the mills instead of that squeezed out of the 
amalgam in Altration, as the latter, although containing only from 4 
to 6 grains of gold per lb., is less efflcacious in amalgamating than the 
pure metal ; but the increased cost and trouble due to the necessity 
of more frequently changing and distilling the mercury prevents this 
method of working from being practically adopted. The vein-stuff treated 
yields at the rate of about 1 lb. of gold per 100 tons, or about 3^ dwts. 
per ton, in addition to what may be recovered by smelting the con- 
centrates. The loss of mercury is from 2 to 4 lbs. per 100 tons, but 
may exceptionally be as high as 10 lbs. if the slimes contain clay or anti- 
monial ores. When three scries of mills are used, 65 to 75 per cent, of 
the total gold is saved by the upper, 20 to 25 per cent. })y the middle, 
and 6 to 10 per cent, by the lower series. A mill will treat about 18 
cwts. of stuff in twenty-four hours, and requires about of one-horse 
power to drive it. 

This apparatus, though comparatively restricted in its application, is 
used to some extent in Australian gold mills (p. 785). Various attempts 
have been made to extend the same principle, namely, that of centrifugal 
distribution, to pumping or forcing slimes through a deep column of 
mercuiy, in order to obtain more perfect amalgamation ; but most of 
these contrivances have the disadvantage of producing a great waste of 
mercury. 


AMAtiGAMATION OF pYRITES AT St. JoHN D’kL EbY. 

The rock enclosing the Morro Yelho lode is a clay-slate of tolerably 
uniform texture, the lode itself being strong and well deAned ; but 
irregular in direction, dip, and dimensions, and frequently traversed by 
Assured clay-slate, or barren white quartz. The valuable part of the vein- 
stuff, composed of quartz with iron pyrites disseminated throughout, is 
subjected to mechanical concentration in order to collect the pyrites for 
barrel amalgamation, but the use of mercury either in the battery or on 
surface-plates is dispensed with. The order of the different operations is 
as follows : — 

Stamping. — The ores on being drawn from underground are reduced 
by stone-breakers to a proper size for the stamping-mills, which aro of the 
ordinary Cornish and Californian patterns, and are worked by water 
power. The screens used are pierced with conical holes 
meter on the outside, tapering off on the other to where a 
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projecting burr is raised towards the inside of the battery-box. Some 
experiments made for the purpose of ascertaining the yield of gold inci- 
dent to deep and shallow stamping afforded the following results : — 



Depth of 
Dio below 
Bottom of 
Screen. 

Lopfi of Gold 
I)er Cent. 

Sand Pro- 
duced not 
passing 
through 120 
Uoles to 
Linear Inch. 

Tons 

Stamped per 
Day. 

Ntimber of 
Drops of 
Head per 
Minute. 

Deep stamping . 

1 Inches. 

20 

30-96 

Per Cent. 

124 

1*3 

60 

Shallow . 

6 

44*70 

28 

1-8 

60 


The loss of gold in shallow stamping was 44 *7 per cent., while in 
deep stamping it was reduced to 30*96 per cent., or about 14 units in 
favour of the latten 

The number of stamp heads at work in May 1885 was 132. The 
work performed by these heads for twelve months to that date is 
given as 1*27 tons per head daily. 

Concentration by Strakes. — The discharge from the screens in 
front of the ]»attery-boxes is diluted with a certain amount of clear water, 
and conducted over inclined strakes each 20 inches in width and 22 feet 
in length, which have a fall of 1 in 10. Tliese strakes are made of 
well-seasoned IJ-inch planks nailed to triangular frames. The three 
surfaces or strakes are carefully covered with coarse sail-cloth tarred on 
the under side and then fastened with tacks, while on the edges of the 
sides are screwed slips of wood. Each end of the strake-frame is supported 
on a wrought-iron axis, and as soon as it is necessary to present a fresh 
concentrating surface, the upper strake is turned one-third of a revolution, 
when the material already concentrated and resting on its face is washed 
off by means of a water-jet into a V-shaped trough beneath. This pulp 
then flows to a catch-pit. A pair of strakes is represented in cross 
section on A B, and end elevation, in fig. 228, in side elevation in fig. 
229, and in plan in fig. 230. a, launders, bringing the pulp and water 
from stamps to head of strakes ; h, bottom of strake covered with sail 
cloth ; r, side slips clipping the edges of the sail-cloth and keeping the 
pulp on the strake table ; c?, triangular frame on which the strakes are 
laid ; e, catchbox ; /, waste launder for tailings ; g, concentrate launder 
leading to the catch-pit ; //, wrought-iron axles on which the strakes are 
suspended ; k, laps of canvas to make up joints. For a battery of thirty 
heads of Californian stamps reducing about 40 tons of quartz per day of 
twenty-four hours, twenty-four such strakes are necessary. 

The question of increasing the weight of auriferous concentrates for 
barrel amalgamation, and reducing the loss of free gold in the treatment 
of the pulp from the screens, has received serious and careful attention. 
In an experiment with a new skin and woolly baize conducted under 
similar conditions, it was found that the proportion of sand retained on 
the skin was to that on the baize as 1 to 5*5, while the proportion of gold 
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collected was in tlio inverse ratio, namely, as 1 to 0 ' 52 , a result unfavour- 
able to tbo use of baize. In a second series of experiments a hairless 
skin was first placed on the strake, then woolly baize, followed by common 
baize. The proportional figures for sand and gold caught were : — 

UairloBS Skin. Woolly B ilae. Common Baize. 

Sand . . . 1 510 120 

Gold ... 1 0-3 0-31 

The inferiority of woolly baize to other mateiials for collecting gold 



Fig 22^ —Pair of Strike** , cros*» section on V H, and end elcvati >n 




Fig ?30 — Pair of btrakcB ; jd in. 

was thus rendered so apparent that it was withdrawn from use at the 
straking floors. 

Amalgamation of Concentrates. — The concentrates obtained from 
the revolving strakes are generally amalgamated in barrels and not in 
ii loffnr Lr»in<r of somcwhat recent date. Each barrel 
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takes 16 cubic feet or 14 cwts. of concentrates, measuring 22 cubic feet to 
one ton, and 50 Ibs.^ of mercury. The barrel, charged with concentrates 
and water only, is rotated for a period of fifteen minutes, when it is 
stopped and opened to test whether the contents are in proper propor- 
tions. If too much water is present the mercury sinks to the bottom, 
and will not mix with the concentrates ; but if too little is employed the 
concentrates cut and flour the mercury. The consistency of the pulp 
should be that of thick honey, which is readily ascertained by dipping a 
stick into it. If the stuff slides off too freely it is either too dry or too 
wet, and either water or concentrates must be added as required. When 
this is corrected a few more turns of the barrel are made, and the mixture 
is again tested. When the proportions of sand and water are found to be 
satisfactory the mercury is introduced, and the barrel is turned for twenty- 
four hours at a speed of fourteen revolutions per minute. The contents 
of the barrel are then discharged into an apparatus known as a “ saxe,” 
which has for its object the removal of slime and the collection of the 
amalgam and globules of quicksilver. This consists of a series of rec- 
tangular boxes (caixas) containing from 2 to 3 cwts. of mercury at the 
bottom, with a number of agitating blades which receive a reciprocating 
motion from the same wheel that turns the barrels. With the view of 
further diminishing the loss of amalgam and mercury, the pulp from the 
saxe is passed over a system of strakes, and the concentrates, after grind- 
ing in arrastras, are again amalgamated. The loss of mercury is commonly 
reckoned at about ^ ounce per cubic foot of concentrates ; but the actual 
loss experienced on 3,595 tons amalgamated amounted to 12 J ounces 
per ton. 

The following statistics relate to working results during ten years 
ending May 1885 : — 


Year. 

Total 
Number 
of Tons of 
Mineral 
raised 
from 
Shafts. 

1 

Total Tons 
Total ot Sand 

Number Concen- 

Loss of 
Mercuiy 
on Sand 
Amalga- 
mated, 
Lbs. 

Average 
yield of 
Mineral 
after 

Treatment 

Loss of 
Gold ou 
Treat- 
ment. 

Cost per Ton of 


Minei al 
Sbmipod. 

Amulifa- 

mated. 

by the 
Stamps, in 
oz. Troy 
per Ton. 

Mineral 

Stamped. 

Mineral 

Received 

fromMine, 

1876 

63,693 

62,474 

2,944 

2,377 

2,184 

1-110 

Per Cent 

«. d. 

3 9 

g. d. 

3 8i 

1877 

66,127 

63,058 

3,343 

•812 

25-00 

3 10 

3 7'i 

1878 

67,915 

66,976 

3,631 

2,420 

•834 

29-20 

4 Oi 

4 Oi 

1879 

69,954 

69,548 

4,073 

1,822 

•690 

31*50 

3 6i 

3 6i 

1880 

62,681 

63,540 

3,887 

1 1,817 

•727 

26*50 

3 Hi 

4 0| 

1881 

46,164 

45,564 

3,097 

1 1,907 

•640 

24-36 

6 Oi 

4 Ilf 

1882 

67,463 

63,939 

3,372 

1,671 

•555 i 

31-35 

3 9J 

3 7i 

1883 

72,496 

70,142 

3,863 

2,605 

•381 i 

29-14 

3 8i 

3 6f 

1884 

69,254 

64,940 

3,771 

8,796 

•358 

34-42 j 

3 84 

3 6| 

1885 

61,230 

60,065 

3,970 

7,8152 

•376 

33-21 

3 84 

3 7i 


646,977 

630,246 

35,951 

1 28,414 » 






1 See ‘Mining and Metallurgy of Gold and Silver,* p. 218. 

2 Excessive loss through leakage of apparatus, 

. 3 Per ton of sand amalgamated = 0*79 lbs. 
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On referring to the foregoing table, it will be observed that every 
hundred tons of quartz reduced to pulp, gave tons of concentrates, 
which were amalgamated with an average loss of 12^*^ ounces of mercury 
per ton; also that the gold obtained varied from 65y*^ to 76^*,^ of the 
total quantity contained in the mineral. 

The net profit on milling and ti'cating 630,246 tons of ore was 
£524,727, or 16s. 7 id. \)&t ton. 

The Morro Yelho Mine was purchased in 1835, and during a period 
of fifty years to June 1885, yielded gold to the amount of £5,059,501. 

Arrastra Amalgamation at Pestarena. 

The Pestarena Mines include those of Yal Toppa, situated in the Yal 
Ossola, and of Pestarena, about eighteen miles distant from the former, in 
the Yal Anzasca, in North Italy. The general characters of the dejiosits 
are given in the following table : — 



Val Toppa. 

Pestarena. 

1 Rock enclosing 
reef. 

I^Iicaceous and talcose folates 
occaijionally occurring to- 
gether. 

Micaceous schist. 

Gangue. 

Almost entirely quartz. 

Micaceous schint associated 
in varying proportions with 
quartz. 

Ore. 

Auriferous iron pyrites with 
mibpickel, containing nickel 
in very bmall ijuantities. 

Similar to that found in the 
j Val Toppa Mine. 

Native gold. 

Rarely found. 

I Never found. 

Character of gold. 

Gold very minutely divided : 
gravitating property very 
feeble. 

1 Gold similar to Val Toppa. 

1 

Special difficulty 
in mechanical 
treatment 

, Gold more or less enSlmed in 
micacecms schist which pro- 
tects it from amalgamation. 

Same as Val Toppa. 


Considerable attention has been given at these mines to the deter- 
mination of the value of various reducing and amalgamating apparatus. 
Stamps and amalgamated plates have been tried with the result that only 
65 per cent, of the contents of gold i i the stuff was obtained ; but with 
the modified form of arrastra known as the Francfort mill, about 82 per 
cent of the gold is secured. It appears that time and attrition for 
brightening the particles of gold, are requisite for realizing the higher 
result 

The ore and gangue, when brought to surface, are first washed on 
tables; the large pieces are then reduced by a stone-breaker, attd*’i!B5r 
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stuff from both operations is dry crushed by rolls, and sized by a drum- 
sieve with twelve holes to the square inch into particles of 6 mm. and 
less, which are sent to the Francfort mills. 

Francfort Mill. — This mill is represented in section in fig. 231, and 
in plan in fig. 232. The outer shell of wood, a, 10 feet 8 inches diameter 
at top, and 10 feet 3 inches at bottom, is strongly hooped with iron ; 6, mill 
runners, four in number, 30 inches wide, 10 inches thick, and about 25 
inches long; c, ring of wrought-iron, 4 inches wide and inches thick, 
attached to runners by wrought-iron staples, d ; g, screws, 2| inches dia- 
meter, placed midway between runners for lifting or lowering the wrought- 
iron ring, c, and runners, h ; x, inner shell of wood, 5 feet diameter at 
bottom, and 4 feet 9 inches at top, kept together by wrought-iron hoops 
on the outside; ?/> spinning launders; hole in bottom of mill bed, 
plugged with hemp when in work ; launder for receiving pulp and 
amalgam at the time of the ‘‘clean up,” when the hemp plug is with- 
drawn ; V, spur wheel by which the mill is driven ; f, hand-wheel for 
throwing the friction cone, s, in or out of gear. By means of the chains 
and shackles shown in fig. 232, the “drag” of the runners or mullers 
is thrown upon the wooden arms attached to a segment piece centred 
around a vertical shaft 4| inches diameter. 

The height of the outer shell from the ground is 40 inches, the depth 
from the upper edge to the grinding and amalgamating floor is 20 
inches, and the width of the latter is 30 inehes. In charging the mill 
about C inches of water is allowed to flow on the bed, the arms are then 
set in motion at twelve revolutions per minute, and the first charge of U 
quintal of stuff is drawn from the storage hopper. The chains connecting 
the arms with the runner ring are then slackened, and the set-screws on 
the arms lowered until tlie full weight of each runner bears upon the stuff. 
In this position the runners remain during the grinding and amalgamat- 
ing operation. When it is seen that the speed of the mill is gaining on 
the regulation number of twelve revolutions per minute, the second 
charge of 1 J (luiiital of stuff is added. At the same time clean water 
is supplied "^until the depth measures from 8 to 10 inches. After the 
lapse of forty minutes the mill is ready for a third charge ; no fresh water 
is, however, added on this occasion. This third charge, completing the 
first series of charges, gives a total of about five quintals dry weight, 
while the time occupied in the first stage of grinding the stuff is two hours. 
The speed of the stones is now reduced to eight revolutions per minute. 
At the close of another hour mercury is added to the pulp, the quantity 
being three kilogrammes per mill. The time of the delivery of the mer- 
cury as well as the weight employed is, however, regulated by the class of 
ore under treatment, pyrites containing arsenic or other deleterious 
stances necessitating a prolongation of the operation until the stuff is 
reduced to a very fine paste. In a case of this kind the mercury is not 
delivered until an hour later than is usual with ordinary ore. If the mer- 
cury “ flours ” and floats on the surface of the water, four kilogrammes of 
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diy Iresh lime ere thrown into the mill. One hour and a half after tl»o 
<ndinai7 time of adding the mercury to the charge, the speed is lessened 



Tig 231 — -Prancfort Mill , vertical section 


y 


Fig. 232. — Francfort Mill ; plan. 



to six revolutions, and two hours later it is reduced to five revolutions 
per minute. At this point in the operation 6 inches of water is added, 
making from 16 to 18 inches of standing water in the mill. This 
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rate of speed, five revolutions per minute, the lowest used, is main- 
tained for two hours. The process termed “ spinning ” now takes place, 
that is, about 6 inches of the top water is run off from the mill, leaving 
12 inches still on the bed. To effect this the plugs in the outer shell 
within a vertical launder are removed, the highest first, in order to avoid 
any mixture of the heavier with the finer materiaL 

The mill has now been working twelve hours, or one half the time 
that constitutes a clean up,” and the water having been “ spun off,” it 
is now ready for the second series of charges, which is divided into three 
periods as before described. The next twelve hours are a repetition in 
details of the preceding twelve ; the only difference being that the charges 
are not so heavy, while the first series represents 6 quintals, the second 
series consists of but 2^ quintals ; the total in twenty-four hours being 
7^ quintals, dry weight, of stuff treated per mill. 

The following abstract statement distinguishes the various operations 
connected with the* working of a charge, and gives the time when the 
speed of the mill is changed, also when delivery of mercury to the charge 
is made. It is assumed that the mill has been cleaned up at two, and re- 
started with a fresh charge of stuff at three o’clock in the afternoon: — 

First Operation. 

Time. Total Time. 


3.0 p.ra. — Ist ebarge- 

-Speed, 

12 

revols. per min. 

— 6 inches of water in mill \ 

2d 

do. 

do. 

12 

do. 

8 to 10 inches do. 1 

3d 

do. 

do. 

12 

do. 

do. do. >5 hours. 

7.0 p.xn. do. 

do. 

do. 

8 

do. 

do. do. 1 

8.0 p.m. do. 

do. 

do. 

8 

do. 

Mercury added to charge / 

2.0 p.ni. do. 

do. 

do. 

6 

do*. 


11.^ p.m. do. 

do. 

do. 

5 

do. 

Water increased to 18 ins. 'I 

1.30 a.m. do. 

do. 

do. 

5 

do. 

“ Spinning,” or G inches of >6 hours. 






top water drawn off J 


Second OperatUm. 

2.0 a.m.— 1st charge— Speed, 12 revols. per min. — 12 inches of water in mill 

2d do. do. 12 do. Water slightly increased 

if necessary 

3d do. do. 12 do. do. 

G.O a.m. do. do, do. 8 do. 12 or more inches of water 

in mill 

8.0 a.m. do. do, do. 0 do. do. 

10.30 a.m. do. do. do. 5 do. Water increased to 18 ins. 

1.0 p.m. do. do, do. 5 do. “Spinning,” or 6 inches of 

top water drawn off 

2.0 p,m. do. Mill cleaned up and amalgam collected — total time, 

24 hours. 

It will be ohservcil that although the operation includes two series 
of charges, mercury is only added once, at the end of the fifth hour. 
Clean water is brought into the mill by a supply-pipe running the length 
of the house. This pipe is provided with cocks, one for each mill. To 
effect the clean-up of a mill, the hemp plug is removed from the hole in the 
bed and the contents are run into a launder beneath it and thence to the 
amalgam trough, from which they are subsequently removed in bowls. In 
the upper floor of the mill-house a tramway is laid, over which the stuff is 
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bxoQght direct from the crusher and tipped Into the store-hoppers. Of 
these hoppers there is one to each mill having a capacity of two tons 
weight. A short launder carries the ore from the hopper into the bed of 
the mill, the weight of charge being regulated by a small door and lever. 
Large troughs are employed for receiving the tailings, and, when full, 
are cleaned out The slime is re-treated in the mill, a little clean quartz 
being sometimes added to assist in reducing the finer grains. The tail- 
ings only remain in the mill twelve hours, when they are removed, and 
the mill is re-charged. 

The mill-beds are of gneiss, this being the best rock procurable in the 
district for that purpose. The gneiss is, however, at times almost granitic. 
The bed consists of from six to eight stones. The upper surfaces and 
end-joints are worked off level with the chisel, the remainder of the 
stone being roughly trimmed. 

In forming a mill-bed great care is taken that the? upper surface is 
perfectly level. The space between the joints is filled with hydraulic 
cement, while the space between the outer tubbing and the circumfeieiice 
of the bed is filled unth sand to within 3 or 4 inches of the top, when 
hydraulic cement is added to complete the surface. An ordinary mill-bed 
lasts about ten months. The mill-runners or mullerh are made from the 
hardest close-grained gneissic ruck obtainable, since it is found that the 
crushing is more satisfactorily perfonned when hard runners are used. 
The front part of each runner is under-cut, so as to catch the stuff for 
grinding. A set of four runners last from six to eight weeks. 

The auriferous stone is very compact, a greater or less quantity of 
hard quartz always occurring with the pyrites, and llie free gold is very 
finely divided. The reason, probably, that tlie Franefort mill gives such 
high results, is that the stuff being confined and in constant movement 
under pressure continually presents fresli surfaces to tlie runners, and 
tlie gold comes more continually into direct contact with the mercury 
than is possible either in battery or in plate amalgamatioiL 

The following statistics are from actual results obtained at the Pesta- 
rena and Yal Toppa Mines : — 


Mines. 

No. of 1 
Franefort 
MiUs 

No of 
Metric 
Tons of 
Stuff 
Iteduoed 

IViHlucc of 
Fine GoM 
determined by 
Assay r^r 
Statute Ton. 

Extracted by 
the Franefort 
MiU i>erStitule 
Ton. 

I*r<»jw>rtion 
of ToUl , 
' Gold 
obtained 
by the Mill. 

I..OSS of 
Mercury 
t»cr 
Metric 
Ton. 

Pestarena . 

1 

j 28 

1 450-500 1 

i 

Oz. ' 

Dwts Grs 

12 7i 

0*. Dwts 
... 10, 

Grs. 

Oi 

1 

1 Per cent. 

1 1 

Grammes. 

1 1,8U0*6 

Val Toppa. 

i 

' 600 j 


6 m 

5 

( 

6i 

1 81* 

1 174-6 

1 


Combined Pan Amalgamation and Concbntiiation. 

When an ore contains a notable amount of both gold and silver, the 
Washoe process of amalgamation, combined with some form of mechanical 
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concentrationi may often be advantageously employed. This method is 
adopted at one of the principal mines in America where the vein-quarts 
includes free gold| in an exceedingly fine state of division, combined 
with blue and green carbonates of copper, and sulphides of silver, lead, 
antimony, and copper. The assay value of the ore has averaged gold 
SOs. and silver 65s. per ton, while the pulp from the settlers after pan 
amalgamation contained gold 14s. and silver 22s. per ton. The gold 
obtained in the mill averaged 82'5 per cent, and the silver 60 per cent, 
of the assay value. The mill contains two stone-breakers, fifty heads of 
stamps, each head weighing 850 lbs., twenty-four Frue vanners, twenty- 
four pans, twelve settlers, and five tailings pans. The drop of each stamp 
head is about 7 inches, the number of drops per minute, 90. The screens, 

4 feet long and 15 inches deep, are perforated with 900 holes per square 
inch. The weight of ore reduced per twenty-four hours is about 105 
tons or 2 tons pe# head. The pans are 5| feet in diameter, and 2 feet 9 
inches deep; the speed of the grinding mullers of these pans is 70 
revolutions per minute. The settlers, 8^ feet in diameter and 3 feet 
deep, are fitted with agitators which make 16 revolutions per minute. 

The treatment of the ore is as follows : — It is brought from the mine 
and passed over grizzlies or inclined screens, which separate fragments 
varying from impalpable powder up to 1^-inch cubes from the larger 
pieces, wdiich pass to the stone-breaker, and when reduced in size, together 
with the product from the grizzlies, drop into hoppers, whence they are 
delivered to the mortar-boxes by automatic feeders. In the mortar-box 
the fragments of ore are reduced so as to pass through screen-holes about 
inch in diameter. A sample of the pulp passed through a series of 
fine meshed screens gave by weight the following proportionate quan- 
tities : — 


No of Holes per 
iiquare Inch. 

Approximate Area 

Retained in 

of Mesh. 

Sieve. 

900 

•022 sq. inch. 

*70 per cent. 

1,500 

•016 „ 

4-66 „ 

2,200 

•013 „ 

12-12 „ 

3,000 

•oil „ 

5-39 

6,000 

•0085 „ 

13-34 

10,000 

•0085 „ 

18-61 

14,400 

•0045 „ 

9-09 

22.500 

•0035 „ 

6 36 

Stuff passed through 

29-72 

99-99 


The pulp from the screens, without classification into grains of specific 
dimensions, is passed over Frue vanners, of which there are two to each 
set of five heads of stamps, by which concentrates varying in value from 
XlOO to £200 per ton of 2,000 lbs. are obtained for smelting, as well as 
tailings for the amalgamating pans. These pans are charged, worked, 
and discharged every six hours. A charge consists of about 3,500 lbs. of 
pulp, 60 to 70 lbs. of quicksilver, and small quantities of sulphate of copper 
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and sulphuric acid. The charge is heated direct by live steam, with the 
view of quickening the process and aiding in the extraction of bullion. 
From the pans the charge is passed to the settlers, where a separation of 
the pulp from the amalgam is effected, and from the settlers the pulp is 
a second time concentrated in twelve other Fruc vanners. The amalgam 
is sent to the clean-up pan and subsequently strained in order to get rid 
of the free mercury, and to obtain a hard amalgam for the retort The 
concentrates are sold to smelters. The weight and cost of chemicals con- 
sumed per ton of ore, as well as the cost of milling, may be given approxi- 
mately as follows : — 

j I Weight. Vuluo. } 



CULOBIXATION PROCESS. 

This method, originally introduced by the late Professor C. F. Platt- 
ner of Freiberg for the extraction of a minute quantity of gold from the 
arsenical pyrites of Keichenstein in Silesia, is based on the fact that 
chlorine gas transforms gold into auric chloride, which is soluble in water, 
without materially attacking the metallic oxides with which it may bo 
associated. From the chloride solution thus obtained, gold may be pre- 
cipitated, either in the metallic form, by iron, copper, or a solution of 
ferrous sulphate ; or as sulphide by sulphuretted hydrogen. No metallic 
sulphides or arsenides must, however, be present, as these substances 
would be transformed into chlorides, causing an uimecessary expenditure 
of chlorine. The presence of sulphur is also injurious from giving rise to 
the production of chloride of sulphur, which, in the presence of water, 
becomes transformed into hydrochloric and sulphurous acids, when a certain 
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amount of the metallic oxides is dissolved. The whole of the sulphur 
must, therefore, be expelled by careful roasting, while the iron is, at the 
same time, converted into peroxide. The chlorine employed should also 
be free from hydrochloric acid. 

In California, the extraction of gold from auriferous pyrites by the 
chlorination process is conducted in the following manner : — 

The concentrated tailings are roasted in a reverberatory furnace, 
until no further smell of sulphur is perceptible, a little charcoal being 
sometimes introduced towards the close of the operation for the purpose 
of decomposing any sulphates or arsenical salts that may have been pro- 
duced. This roasting is effected at a low temperature in order to avoid 
agglomeration of tlie ore, and, at the expiration of from six to eight 
hours, the charge is withdrawn and spread on the floor to cool. When 
sufficiently cold it is repeatedly turned and sprinkled with water, so that 
it may become rtigularly moistened throughout. The success of the sub- 
sequent operation depends, in no small degree, on the amount of water 
thus added, and the uniformity of its mixture with the ore. After having 
been properly moistened, the roasted pyrites is charged into large wooden 
tubs, 7 feet in diameter and 2 feet 6 inches in deptlu These are pro- 
vided with perforated false bottoms, beneath which the chlorine is intro- 
duced, and thence ascends through the damp and finely divided auriferous 
ferric oxide, which ultimately becomes permeated by the gas. The chlorine 
is produced from a mixture of common salt, peroxide of manganese, and 
sulphuric acid, contained in a leaden generator, which communicates with 
the space beneath the false bottom by means of a lead pipe. There is 
also a plug-hole in the bottom of each tub for the purpose of draining off 
the auriferous solution obtained. After being charged with moistened 
ore each tub is closely covered by a wooden lid, and chlorine is introduced 
beneath the false bottom. At the expiration of some hours, the whole 
mass has become strongly penetrated by chlorine, which, as a greenish 
gas, lies heavily above the tailings. In this condition the tub and its 
contents are allowed to remain from ten to fifteen hours, at the expiration 
of which period, the cover is removed and clean water introduced. As 
soon as the water has risen to the surface of the charge, the plug-hole at 
the bottom is opened, and the water containing the dissolved chloride of 
gold is run off into glass carboys. The gold is subsequently precipitated 
in the metallic form by the addition of ferrous sulphate, and forms a 
brownish-black deposit on the bottom of the carboys; this reaction is 
expressed by the following equation : 

2AuCls + 6 reS 04 = Aus + Fe^Cle + 2 re 2 (S 04 ) 3 . 

The precipitated gold thus obtained is collected on filters, dried, and 
afterwards fused with borax in black-lead crucibles. The ingots prepared 
in this way are usually 995 fine. When the gold is in a finely ^vided 
state this process affords satisfactory results ; but the larger particles of 
metal not being completely dissolved in the time necessary for the 
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solution oi the smaller ones, a loss must necessarily result unless the time 
during which the ores are exposed to the action of chlorine is sufBciently 
prolonged to effect the solution of the largest grains of gold present 

It follows that tlie chlorination process is most advantageously 
applied to ores in whicli the precious metal is uniformly and finely 
divided. Any silver that may have been present in the original sulphides, 
as well as that constantly alloyed with the gold, is by this process con- 
verted into chloride of silver, which is insoluble in the auriferous solution, 
and therefore remains with the residues in the tubs. 

Mr. H. R. Cassel proposes to obtain chlorine for the treatment of 
gold ores by the electrolysis of common salt in the presence of the ore 
instead of preparing it in a separate generator. 

Methods for Smelting Gold Ores. 

Auriferous minerals unsuited for amalgamation are generally smelted 
with iron pyrites, copper, or lead ores, the gold being ultimately concen- 
trated in metallic cop])er or silver, from wdiicli it is finally separated by one 
of the methods of parting described subsequently. In other respects the 
order of the operation is the same as in smelting ordinary copper, lead, 
or silver ores. 

Gold alloys readily with iron, a proi>erty that was formerly utilized 
to a small extent in the treatment of black sand obtained in the alluvial 
gold washings of the Ural. This consists chiefly of magnetite, and when 
smelted with the necessary fluxes and charcoal gave an auriferous cast- 
iron, from which the gold was recovered by dissolving it in sulphuric 
acid. 

In Parkes’s process of desilverizing, copper and gold, if present in 
lead, are almost entirely removed by the zinc first added ; so that if 
the first zinc skimmings are treated apart, a minute quantity of gold may 
be sufficiently concentrated in the silver obtained to render the latter 
worth parting. 

At Ofienbanya and Zalathna in Transylvania, auriferous pyrites, 
containing a little copper and from 1 1 to 24 ounces of auriferous silver 
per ton, has since 1876 been treated by the following combination of 
smelting and extracting processes ; — 

1. The ores, partly in lumps and partly in a finely divided state, 
are roasted, the sulphur gases being collected and converted into sul- 
phuric acid. 

2. The roasted ores are smelted with quartz flux for coarse metal, 
which is essentially ferrous sulphide, containing sulphur 28*7, iron 69*6, 
and copper 0*6 per cent, and is ground to a fine powder. 

3. The pulverized coarse metal is digested with dilute sulphuric acid 
in closed wooden vessels lined with lead for twelve hours, when about 
half the iron is converted into ferrous sulphate, while the insoluble 
residue, amounting to about one-fourth of the charge, is proportionately 
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enriched, and contains 3| per cent, of copper and 60 to 80 ounces of 
gold and silver per ton. The acid liquor is treated for ferrous sulphate, 
and the sulphuretted hydrogen is mixed with sulphur* dioxide in order to 
recover the sulphur. 

4. The extracted residues are smelted with various additions, such as 
rich ores, raw regulus, litharge, and other lead products, in a small blast- 
furnace, producing lead with about 40 ounces of auriferous silver per ton 
and some regulus. The lead is refined in the usual way, and the regulus 
is subjected to a second extraction with sulphuric acid, and a series of 
concentrating and desilverizing fusions, until it is enriched to about 25 
per cent, of copper. 

5. The copper regulus is digested in a cast-iron pot with heated 
strong sulphuric acid, leaving a residue consisting chiefly of lead and 
copper, with some silver and gold, which is returned to the lead-furnaces. 
The acid liquor i| run over copper-plates to decompose silver sulphate, 
and when clarified is either crystallized for blue vitriol or treated with 
iron to obtain cement copper. 

Extraction op Silver and Gold from Copper. — Small quantities 
of gold and silver may be separated from copper by means of sulphuric 
acid, cupric sulphate being produced w^hile the precious metals remain 
in the insoluble residues; but for the success of the operation it is 
necessary to use the acid in a diluted state, as when strong it has no 
action upon copper. It is also necessary to oxidize the metal either by 
a preliminary roasting or by moist air, so that the acid may bo entirely 
used in dissolving cupric oxide and not wasted in the formation of 
sulphur dioxide. The first method was formerly practised in Colorado 
in the treatment of auriferous copper bottoms (p. 732),^ which were 
liquated to remove lead and then refined by oxidation until the whole 
of the sulphur was removed, when it was granulated by casting it into 
cold w’ater. The granules were afterwards exposed in a calciner to a 
strong red heat for thirty-six hours, and became entirely converted into a 
mixture of cupric and cuprous oxides, which was powdered and dissolved 
in 'weak sulphuric acid. The residues, when cleared from the vitriol 
liquors and melted in plumbago crucibles, gave a mixed bullion of 600 
to 800 fine, containing about two parts of gold to one of silver, which 
'was sent to the Mint refinery. 

The second method of dissolving copper, by the joint action of air 
and sulphuric acid, known as vitrioUzing, is used at Oker, in the Lower 
Harz, where it was introduced in 1858 as a substitute for liquation in 
the treatment of copper containing gold and silver that could not be 
refined to advantage. 

The following notice of this process ^ is condensed from the descrip- 

1 * Proceedings of the American Institute of Mining Engineers,’ vol. iv. p. 297. 

® For fuller details see ‘Zeitschnft fur Berg- Hutteu- u. Salinenwesen,’ vol. xxv. p. 
163. 
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tion contributed to the preceding edition of this work by Professor F. 
Ulrich, formerly of Oker but now of Hanover. 

The coj)per produced at Oker is of two kinds : one being of good 
quality and poor in silver is refined and sold as rosette copper; while 
the other, which contains, in addition to gold and silver, various 
impurities prejudicial to its use as metal, is converted into vitriol, and 
the precious metals are removed from the insoluble residues in the 
following manner : — 

The metal, in the state of black copper containing about 50 ounces 
of silver per ton, is granulated and placed in large wooden tubs lined 
with thick sheet-lead. On the perforated false bottom of the tub is 
first laid a layer, 6 inches in thickness, of large fragments of copper, 
and upon this is placed tlie granulated metal to a depth of 3 feet 6 inches, 
which is then moistened with warm dilute sulphuric acid and exposed to 
the air. Oxidation of the copper rapidly takes })lace. and the granules 
become covered with a dark film. A fresh supply of warm dilute 
sulphuric acid is now added, by which tlie sulphate formed is dissolved. 
From a hole in the bottom of the tub the acid solution of sulphate of 
copper runs into a slightly-inclined lead-lined gutter, about 160 feet 
long, where it becomes sufficiently cooled to deposit nearly the wliole 
of the dissolved sulphate in small irregular crystals. The mother liquors, 
which are nearly free from copper but contain a large amount of 
sulphuric acid, are collected in a closed reservoir, and blown by an injector 
into a lead-lined cistern, where they are re-heated by steam, and returned 
by a syphon to the tubs containing the granulated C(>j»pcr as required. 
The density of the liquors is 30* Baum6, and they are heated to from 
87* to 100* C. Each time tlie liquors are run off, the copper is 
exposed during fifteen minutes, for the purpose of oxidation, and 
sulphuric acid is run on until the copper has regained its bright metallic 
appearanc3. 

When the crystallized dcj)Osit in the gutter has attained a thickness 
of about 3 inches, it is removed by copper chisels and thrown upon an 
inclined plane, from which the adhering liquors drain back into the gutter. 
This crude sulphate of copper is taken to leaden boiling pans, 12 feet in 
length, 11 feet in width, and feet in depth, where it is dissolved, either 
in water or in weak acid litjuors. The quantity of liquid is so regulated 
that a solution is obtained which, at 87* C., has a density of 30* BaumA 

This solution is allowed to settle during twelve hours, care being 
taken to avoid, as far as possible, any decrease of temperature. At the 
expiration of this time the liquor, which is |>erfectly clear, is run into 
crystallizing pans, 10 feet long, 5 feet w'ide, and 4 feet deep, in which 
are hung numerous strips of lead. On these, in the course of from twelve 
to fourteen days, are formed large crystals of sulpliatc of copper, which 
are subsequently removed and packed for the market. 

The mud, containing the silver and gold, which settles in the boiling 
pans, is taken out and mixed with litharge. Tliis mixture is smelted for 
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lead, and the quantity of litharge is so regulated that the resulting alloy 
shall contain about 2 per cent, of silver. The lead thus obtained is passed 
to the refinery, and affords silver containing from 1*5 to 1*7 per cent, of 
gold. 

The loss of lead is 8*4 per cent., and the silver obtained slightly ex- 
ceeds the amount indicated by assay. 

One part of granulated copper requires 2 ’4 parts its weight of 
acid of 30® Baum6 to dissolve it, and produces 3*8 parts of sulphate. 
A set of six dissolving tubs, two pans, and twenty-four crystallizers 
is required to produce 30 cwts, of crystals of blue vitriol in twenty-four 
hours. 

Parting op Gold from Silver. 

The separation of gold from silver on the larger scale is now generally 
effected by sillphuric acid, which is cheaper than nitric acid, and does 
not require expensive platinum or porcelain vessels, the operation being 
performed in cast-iron pots. In order that the alloy may be completely 
attacked, it should not contain more than 35 per cent, of gold, and from 
the slight solubility of sulphate of copper in strong sulphuric acid, it is of 
importance that it should not contain beyond 10 per cent, of copper. 

The alloy, after the additions necessary to bring it to the proper 
standard have been made, is melted either in large crucibles or in a 
reverberatory furnace, and granulated by being poured into water. The 
granulated metal, in charges of 2 to 5 cwts., is placed, with 2| times its 
weight of sulphuric acid of sp. gr. 1*840, in cast-iron pots, which are 
heated to ebullition by a fire beneath. The sulphuric acid under these 
circumstances acts rapidly on the metal, sulphate of silver is formed, and 
sulphurous anhydride evolved ; this is conducted by a leaden dome, con- 
nected with a well drawing chimney, placed over each pot during the 
time the attack is being made, into a chamber, where it is reconverted 
into sulphuric acid. At the expiration of four hours the attack is 
completed, and a certain quantity of sulphuric acid of the sp, gr. 1*69, 
obtained by the concentration of the acid mother liquors from the 
crystallization of sulphate of copper, is added, and boiled during a 
few minutes, when the fire is withdrawn from beneath the pots, and the 
liquors are diluted and allowed to stand, in order that the finely divided 
gold may be deposited on the bottom. When the supernatant liquor has 
become clear, it is drawn off by a syphon into lead-lined evaporators, 
heated by steam-pipes, and partially filled with mother liquors remaining 
from the crystallization of sulphate of copper. The temperature is 
then raised until the whole of the sulphate of silver, which began to 
fall on cooling, is re-dissolved, and a further deposit of gold is obtained. 
The liquor is next syphoned into other evaporators, in which copper 
bars are suspended, where the silver is rapidly precipitated in the form 
of a crystalline powder. In the course of a few hours the last traces 
of silver sulphate are completely decomposed, and the metallic deposit, 
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aftir being carefullf ihMhed, is eompscted by hydraulic pressure into 
rectangular bricks, which are fused in large eartW crudUesi and cast 
into ingots. The sUver thus obtained contains from 3 to 5 thousandths 
of copper. 

The pulverulent gold obtained by the first attack still contains silver, 
and is therefore again subjected to the action of strong sulphuric acid, 
in smaller pots, heated from beneath. These are made usually of cast- 
iron, but sometimes of platinuuL 

It is then washed, or ** sweetened,” on a filter with hot water, 
dried, pressed, and melted in a black-lead crucible ; borax and nitre 
being sometimes used to remove the last traces of impurities. Under 
favourable conditions the resulting bar of gold may bo about 996-998 fine. 

The solution of copper sulphate produced during the precipitation of 
silver by copper bars is evaporated in a shallow cistern lined with lead, 
and heated by a series of steam-pipes laid in zigzag acrt>S8 the bottom. 
When the liquors have in this way been sutliciently concentrated, they 
are syphoned off into large tubs lined witli lead and bouml with coj>pcr 
or wooden hoops, as, from the readiness with %vhich sulphate of cop|)er 
acts on iron, bands of tliis metal would be rapidly attacked by the licpior 
accidentally spilt over the sides of the vessels. After having been filled, 
these tubs arc closely covered to prevent their too rapid cooling, and, 
after the expiration of about ten days, the mother liquors are drawn off, 
and the crystals of sulphate of copper adhering to the sides carefully re- 
moved. These mother lii^uors, when again concentrated, yield a further 
supply of crystallized salt, after which they are set aside, to be employed 
in place of sulphuric acid, as already described. 

When sulphate of copper of superior purity is required, the crystals 
first obtained are sometimes subjected to a second crystallization, but in 
the majority of cases they are merely waslied on a Tvicker sieve, and 
after being allowed to drain in a large leaden cullender, are packed in 
strong casks for the market. 

From the economy with whicli this process is conducted, and the 
comparatively low price of sulphuric acid, it sometimes admits of being 
advantageously applied to the refining of silver containing 0*0005 only 
of gold. 

At Oker gold is refined by sulphuric acid in porcelain vessels, which 
are protected with a wire network and clay covering, and are heated in 
sand baths. They are cleanly in use, but require very careful handling, 
and are only suited for small cliarges (28 lbs. at one time). The gold 
obtained is 985 fine. 

The parting of gold and silver may be effected by the use of nitric 
acid, but when the resulting nitrate of silver cannot bo advantageously 
utilized, it must be converted into chloride before it can be reduced 
by metallic copper. 

In the United States’ Mint refineries so-called double-parting pro- 
cesses are used. The bullion, which is so mixed as to contain 100/285 
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of gold, is granulated and heated first with nitric acid in glazed earthen- 
ware jars, which removes the silver to within 6 per cent, and subse- 
quently is twice boiled with sulphuric acid in three-legged cast-iron pots, 
giving a gold of 998-999 fine. The silver salt is converted into chloride 
and reduced by granulated zinc. 

In America, it is also customary to dissolve dor6 silver in bars without 
previous granulation, which is found not only to facilitate the regular 
action of the acid, but also to give a coarser gold that is more easily 
washed than that from granulated metal. The reduction of sulphate of 
silver may also be effected by scrap iron or ferrous sulphate ; the former 
reagent is used at !Frankfort and Lautenthal, and the latter at San 
Francisco. By adding scrap iron to the liquors, in the second case, the 
ferric sulphate contained is reduced to ferrous sulphate, and may be used 
for precipitating fresh quantities of silver. 

Preparation of Pure Gold. 

Gold of extremely high fineness cannot be obtained by sulphuric 
acid parting alone. When the washed gold from the second boiling is 
heated with bisulpbate of sodium, silver may be removed to within 2 
or 3 thousandths, but platinum when present is not sensibly attacked 
by sulphuric acid, although it may be partially removed if nitric acid 
is used at first, or if the gold from the bisulphate treatment is fused 
with nitrate of sodium or potassium. When gold is required of absolute 
purity, or as near an approach to it as can be got, as for example for 
use in check assaying, a quantity of assay cornets or other kinds of 
parted gold is dissolved in aqua regia, and after removal of excess of 
acid, potassium chloride and alcohol are added to precipitate platinum. 
The auric chloride is dissolved in a very large quantity of water and 
left at rest for a considerable time, that the chloride of silver existing 
in the form of suspended particles may subside. The clear liquor is 
then syphoned off, and the gold is precipitated by a solution of ferrous 
sulphate or oxalic acid, or by a current of gaseous sulphur dioxide. 
The last of these reagents is probably the safest, when it is desired to 
prevent the possibility of contamination by foreign metals, but liquid 
precipitants are more convenient. Mr. Eoberts- Austen, of the Eoyal Mint, 
has in this way obtained gold of the apparent fineness of 999*96 
thousandths, using oxalic acid for precipitation. Platiniferous gold may 
also be refined if it is cast into a plate and used as the anode in an 
electrolyzing cell, having for a cathode a plate of the purest gold that 
can be got. The electrolyte is a neutral solution of auric chloride. 
As the anode dissolves under the action of the current, platinum and 
the allied metals are set free and are collected at the bottom as a black 
powder. As the gold deposited on the cathode is exactly equivalent 
to that dissolved from the anode during the same time, the strength of 
the solution remains unchanged during the operation. 
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Rkfikino by CntonixE Gas. 

This process "was invented by Mr. F. K Miller, nssayer in the Sydnc 7 
Branch of the Koyal Mint, and is applied to the treatment of gold bars 
when the proportion of silver present is not materially in excess of 10 
j)er cent It consists in passing a current of chlorine gas through the 
gold ithile in a melted staie^ whereby chloride of silver is formed, which, 
l^ing of low specific gravity, rises to the surface of the melted gold, 
while the latter remains in a purified condition beneath. 

Chloride of silver has always been considered a somewhat volatile 
substance, but, in practice^ it is found Uiat its volatility is not so groat 
as might have been anticipated, and that, if its surface is coated with a 
layer of fused borax, it may be kept melted at a high temperature with- 
out material loss. 

The furnace required for the oi>oration is an ordinary 12 inch square 
gold-melting furnace, having the flue as near the top as possible, so as to 
allow of the crucible standing liigh up in it without being cooled by the 
draught, and of such a depth that the bottom of the ]>ot, when it is 
placed in the fire, may not be more than 3 inches above the bars. 

The covering of the furnace should con‘«iht of two fire-tiles, inches 
wide and 15 long, one of which should have a slot or hole in its centre, 
for the clay chlorine-pi j)es to pa«s through. An iron cover will not 
answer, as it becomes much too hot for convenient working. 

Tlie crucibles in which the r<*rining is performed should be French 
white fluxiiig-|>ot« ; ordinary black-b^ad pots will not answer, owing to 
the reducing action tliey exert on tlie compouruls formed. To prevent 
infiltration of the very liquiil chloride of silver into the ix>rc*8 of the pots, 
they are prepared by fiiinig them with a l>oiling saturated solution of 
borax in water, which is allowed to .stand for ten ininuics, and then 
poured off, the crucibles being afterwanls set a.side to dry. The bora.c 
forms a glaze on tlie inner surface of the crucibles when they become hot 
in the furnace. 

^Vhen used for refining, these French crucibles are placed within 
black-lead pots, as a precaution against loss, sliould the former crack, 
which, however, seldom happens. The crucililes are covered with 
loosely fitting lids, with the requisite holes through them for the passage 
of the clay chlorine-pipes, d:c. A pipe, 1 inch in diameter, 22 inches 
long, and of /^f-inch bore, has been found to answer all requirements. 
The chlorine generators should consist of the best glazed stoneware acid- 
jars, each capable of holding from 10 to 15 gallons, and furnislied witli 
two necks. One of these openings should be stopped with a vulcanized 
indianibber plug, through which should pass tightly two glas.s tubes, 
the eduction-tube and the safety- or pressure-tube ; the length of the 
former being a few inches, and of the latter 8 or 10 feet. The other 
opening, intended for introducing oxide of manganese, &c., should be 
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closed with a leaden plug, covered with a stout piece of indiarubber, 
and well secured. 

Each generator should be charged with a layer of small quartz 
pebbles, down nearly to the bottom of which the pressure-tube should 
extend. On tliis layer should be placed from 70 to 100 lbs. of binoxide 
of manganese, in grains about ^inch cube, freed from powder by sifting. 
This quantity will be sufficient for many refining operations, and will 
obviate the necessity of repeated dismantling of the apparatus. 

Each generator should be suspended to about half its height in a water- 
bath of galvanized-iron. The chlorine gas is produced, when required, 
by pouring common hydrochloric acid down the safety-tube, the apparatus 
being warmed by means of gas-burners beneath the water-baths. The 
gas is conveyed from the generators by a leaden pipe fitted with branches 
to supply the several furnaces, all intermediate connections being formed 
by means of %plcanized india-rubber tubing, which, if screened from 
direct radiation Irom the fire, stands the heat well, even immediately 
over the furnaces. 

Screw compression-clamps on the india-rubber tubes give the means 
of regulating the supply of gas as required, and enable the operator to 
shut it off entirely as soon as the refining is over. The chlorine then, 
having no means of escape, accumulates in the generator, and soon forces 
all the acid up the safety-tube into a vessel placed above to receive it, 
and, the acid no longer acting on the oxide of manganese, the supply of 
gas ceases. 

Two such generators, and three ordinary gold-melting furnaces, are 
capable of refining 2,000 ounces of gold, containing about 10 per cent, of 
silver, between 9 a.m. and 2 r.M. 

As soon as the gold is melted, from 2 to 3 ounces of borax in a state 
of fusion are poured upon its surface. If the borax is added sooner, 
it acts too much on the pot ; and, if thrown in cold, is liable to chill the 
gold. The clay pipe which is to convey the chlorine to the bottom of 
the melted gold is now introduced. At the moment of its entering the 
melted gold, the screw compression-clamp is slightly loosened, so as to 
allow a small quantity of gas to pass through it, and thus prevent any 
metal rising and setting in the pipe, which is then gradually lowered to 
the bottom of the molten gold, where it is kept by means of weights 
attached to the top. The compression-tap is now relaxed, and the gas 
is heard bubbling through the melted metal, sufficient hydrochloric acid 
being, from time to time, added to the generators to keep up a rapid 
evolution of chlorine. 

The column of liquid in the safety-tube, acting, as it does, like a 
barometer, affords a ready means of knowing the pressure in the gene- 
rator, and of judging of the rate of production of the gas, as well as at 
once’showing, by its fall, if anything irregular has occuiTed— such as a 
leak or a crack in the chlorine-pipe or pot. From 16 to 18 inches m the 
safety-tube correspond to and balance 1 inch of gold in the refining- 
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cracible. When the chlorine is fixst introduced into the melted gold» 
fumes are seen to pass up from the boles in the crucible lid ; these are 
not chloride of silver, but volatile chlorides of some of the baser metals. 
They are especially dense when much lead is present in the alloy under 
treatment, forming a wliite deposit on any cold substance presented to 
them. After a time, longer or shorter, according to the nature of the 
impurities in the golil, these fumes cease. So long as any decided quantity 
of silver is present in the molten gold, the whole, or nearly the whole, of 
the chlorine is absorbed ; little, if any, appearing to csca|M\ 

When the refining is nearly complete, fumes of a darker colour than 
those first observed make their appearance, and the end of the opemtion 
is indicated by a peculiar flame or luminous vapour of a brownihh-yellow 
colour, occasioned by the escape of free chlorine. This, liowever, is not 
a sufficient indication : the process is not finished until this flame im- 
parts to a piece of white tobacco-pi i>e, when held in it f(*r a moment, a 
peculiar reddish or brownish-yellow stain. 

When these appearances are observed, which usually hap^MUis in about 
an hour and a half after the introduction of chlorine, the gas is shut oft', 
and the pots are removed from the fire ; the white crucible is lifted out 
of the black oue, and, together “with its contents, is allowed to stand 
until the gold becomes cold enough to solidify. The chloride of silver, 
which remains liquid much longer, is then poured off into iron moulds. 
The crucible is now inverted on an iron table, when the still red hot gold 
falls out in the shape of a cone ; this is slightly scraped, and then thrown 
into a concentrated solution of common salt, to free it from any adherent 
chloride of silver. 

An alloy containing originally 89 per cent, of gold, 10 per cent, of 
silver, and 1 per cent, of base metals, will yield, on an average, a cake of 
chloride weighing, with a little adherent borax, 16 ounces for every 100 
ounces operated on. 

The gold is now fine, and .^mply requires ca.sting into ingots. 

As before stated, it is found that all these operations can readily l)e 
performed, and 2,000 ounces refined j)er day in three common melting 
furnaces, in about five liours ; 98 j>er cent, of the gold originally contained 
in the alloy operated on is tlien ready for delivery. 

Tlie other 2 per cent, remains with the chloride of silver, j)artly in 
the metallic state, and partly in a state of combination with chlorine, 
and probably with silver. 

To free the chloride of silver from this combined g(dd (that mechani- 
cally mixed being eliminated at the same time), it is melted in a boraxed 
white pot, with the addition of from 8 to 10 per cent, of metallic silver, 
rolled to about | inch thick. The chloride of gold is by this means 
reduced at the expense of the metallic silver, chloride of silver being 
formed ; while the liberated gold sinks, and together with the excess of 
silver, melts into a button at the bottom of the pot. As soon as the 
whole is thoroughly melted, the pot is removed from the furnace, and 
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allowed to stand about ten minutes. The still liquid chloride of silver is 
then poured into large iron moulds, so as to form slabs of a convenient 
thickness for the next operation, namely, its reduction to the metallic 
state, by strips of silver. This is done by attaching the slabs to a frame, 
which is lowered into a vat containing another frame with zinc plates, 
so arranged that the plates and slabs alternate with each other, and form a 
zinc and chloride of silver battery. Water is used as the exciting liquid ; 
and when the two elements are brought into connection by strips of 
silver attached to the frames, an energetic galvanic action is set up, and 
in about 24^hoiii’s the slab of chloride, while retaining its shape, is found 
to be converted into spongy metallic silver. 

Tlie fineness of the gold reduced by this process varies from 991 to 
997 in 1,000 parts, the average being 993*5 ; the remaining thousandths 
are silver. This compares favourably with any of the previously known 
practical processes, none of which leave less silver in the resulting fine 
gold. • 

The silver resulting from this method of refining is tough, but its 
quality varies somewhat, according to the gold originally operated on; 
if the alloy treated contains much copper, the greater part of this 
remains with the resulting silver, but the other metals are nearly all 
eliminated. 

The fineness of the silver hitherto obtained has varied from 918 .j 
to 992 0 in 1,000 i)arts, the average being 965*6. 

An analysis of the silver resulting from refining gold, known 
originally to have contained, among the base metals in the alloy, copper, 
lead, antimony, arsenic, and iron, gave the following results : 

. 9/2*3 
. 25-0 

27 

. traces 
1,000-0 

Miller’s process has been successfully used in the Eoyal Mint by Mr. 
Eoberts-Austeu for toughening brittle gold. 


. 

Cu . 

Au . 
uud he 


PLATINUM. 

In its pure state, particularly when refined by the process of Deville 
and Debray, platinum is nearly as white as silver, is capable of receiving 
a hi<'h poLh, and is very ductile and malleable. Platinum is softer 
than silver, but its hardness is much 

a minute quantity of iridium. It resists the stronpst heat * 

furnace bid; may be fused by the electric current or by the rayhjdro en 

W.,. Wtich it it disp^d mth ^mlilto.. Ti* 



8lO ELEMENTS OF METALLURGY. 

point is 1775* G ; at 1600* G it may be welded like iron. According to 
DeviUe and Debray, it absorbs oxygen in the fused state, and when 
melted in considerable masses, on cooling, spirts like silver. Platinum 
is one of the heaviest of all known substances, having the 8i>ocific gravity 
of 21*46, which is only exceeded by osmium (22*47) and iridium (22*40). 
The thermal and electric conductivities are 8*4 and 16*4 respectively 
(silver « 100). Platinum is not oxidized by the air at any temperature, 
and is not attacked by any single acid ; by aqua regia it is dissolved with 
formation of platiiiic chloride, PtCb. It is also attacked, at a reil heat, by 
acid potassium sulphate, by the ciiustic alkalies and by the alkaline earths, 
especially by the hydrates of lithium and barium, but is not affected 
by alkaline carbonates, even when exposed to their action at very high 
temperatures. A mixture of nitre and caustic polish acts with greater 
rapidity than the alkali alone ; and platinum foil, when heated in pre- 
sence of arsenic, sulphur, or phosplumis, loses its inalleahilijly and ductility. 
When these bodies are brought, at a high temperatun., in contact with 
platinum in a state of fine division, combination takes place, and brittle 
fusible compounds result A mixture of silica and charcoal attacks 
platinum at high temperatures, producing silicide of that metal, and for 
this reason platinum crucibles, which have been frequently ignited in an 
open fire, lose their flexibility, and become rough on the outside. 

Platinum alloyetl with a large quantity of silver is soluble in nitric 
acid, and consequently small ejuantities of this metal may he removed 
from gold by inquartation with .silver, and parting with nitric acid in 
the ordinary method of gold assaying. 

Platinum possesses the remarkable property of condensing gases upon 
its surface, and determining their combination. This jiroperty, exhibited 
even by clean plates of platinum, and in a greater degr(‘e by the spongy 
metal, obtained by the ignition of ammonioqdatinic chloride, is most 
marked in the extremely divided form known as jtlatinum-hJark, 

Platinum-black is prepared in various ways. A common method 
is by boiling a solution of platiiiic chloride, PtCli, with carbonate of 
sodium and .sugar. Chloride of sodium is form(‘(l, a portion of the sugar 
is decomposed wuth evolution of carbonic anhydride, and jdatinum is 
precipitated in the metallic state. It may al>o be made by dissolving 
platinous chloride, PtCl 2 , in boiling caustic ])otash, and gradually add- 
ing alcohol to the solution. Ibijnd evolution of carbonic aiihyilrido 
takes place, and the rnetal is precipitated in a state of extreme division. 
The same result may be obtained by decora jiosing platinum sulphate by 
heat and strong alcoliol. Platinum- black prepared by any of the fore- 
going processes, when dried, resembles lamp-black, and soils the fingers 
in the same way ; it may be heated to full redness without any change 
of its appearance or properties, but at a Avhite lieat it assumes a metallic 
aspect. It is sometimes employed for eudionietrical experiments. 

Distribution of Platinum. — This metal is found in a native state, 
and occurs, alloyed with various others, in alluvial deposits similar to 
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those from which gold, its frequent associate, is obtained. Sands pro- 
ducing platinum are found principally in valleys traversing serpentine. 
Native platinum generally presents the appearance of small grains, of 
a greyish-white colour, approaching to that of tarnished steel. These 
grains are commonly flattened, and appear to have been polished by 
friction against other bodies. Their size usually varies from that of 
linseed to that of hempseed, but fragments of much larger dimensions 
have occasionally been discovered. One piece brought from Choco, 
New Granada, by Humboldt, and presented to the Berlin Museum, 
weighs 1,088 grains, or above two ounces avoirdupois. The Madrid 
Museum possesses a specimen found in 1822, in South America, which 
is as large as a turkey ^s egg, and weighs 11,641 grains. A specimen of 
this metal was found, in the year 1827, on the eastern slope of the Urals, 
which weighed 11*57 lbs. troy. The largest specimen yet discovered 
weighs 21 lbs. tmy, and is in the cabinet of Count Demidoff. 

The substance Ifnown as native platinum is not a pure form of that 
metal, being usually combined with osmium, iridium, palladium, rhodium, 
and ruthenium, forming the so-called Pohjxene group of elements, besides 
gold, silver, iron, and copper. It is also frequently associated with 
other minerals, such as osmiridium, gold, magnetite, ilmenite, chromic 
iron ore, and iron pyrites. 

Tour spe(‘iincns of native platinum afforded, on analysis, the following 
results : — 
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0-60 

1-00 
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1-40 

0-65 1 

3-80 

i-io 

1*40 


2-95 

1 4 35 

1 

98-06 

} 101-15 

100-15 


1. Ural, by Osann; 2. Borneo, by Bucking; 3. California, by 
Ueville and Debray ; 4. Choco, by Deville and Debray. ^ 

Platinum was discovered (1735) by Ulloa, a Spanish traveller, 
alluvial deposits of the river Pinto, in the district of Choco, New 
Granada. It has since been found in the Ural Mountains, m the Island 
of Borneo, in tlie sands of the Rhine, in those of the Jacky in St. 
Domingo, and in the gold regions of Brazil, California, &c The pins 
of gold are separated from platinum by amalgamation. The grains of 
platinum which are found in the sands of the river Jacky, in St. 
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Domingo, are extremely brilliant, and are intermixed with a ailiceous 
sand, which is generally ferruginous. The laigest proportion of the 
platinum at present produced is obtained in the Ural districts from the 
auriferous sands of Miask, Nijne-Taguilsk, Goroblagodatsk, &c. 

Ritssia annually affords about 4,400 lbs. troy of this metal, wliich 
is alx>ut five times the amount of the united products of Brazil, Borneo, 
St. I>omingo, and the ITnited States of Colombia, 

b^TiMATiON OP Platinum. — This metal, for the purjwscs of analysis, is 
weighed either in the metallic state, or in the fonu of ammonio-platinic 
chloride, 2 XH 4 Cl,PtCl 4 , which is collected on a tared filter, and dried at 
a temperature of 100* C. 

When platinum is contained in a solution in the form of chloriile, the 
liquor is first concentrated by evaporation, and subsequently mixed with 
about twice its volume of alcohol. Solution of chloride of ammonium is 
now added in excess, and the liquid again concentrated by evaporation 
in a water-bath. By this means ammonio-platinic chloride is precipi- 
tated, and after being carefully washed, first \Yith dilute solution of sal- 
ammoniac, and afterwards with a mixture of alcohol and ether, is dried 
in a water-bath. From the w’eight of the double salt obtained, the per- 
centage of platinum is readily deduced, as every 100 parts of the former 
correspond to 44*20 parts of metallic platinum. Instead of deducing by 
calculation the weight of platinum from that of the double salt obtained, 
its amount may be at once determined by decomposing the ainmonio-salt 
by ignition, and weighing the metallic spongy platinum which remains. 

For this purpose the double chloride should be exposed to a full red 
heat in a closed porcelain crucible, protected from direct action of the 
fire by being enclosed in one of fire-clay. The decomposition of this salt 
may likewise be effected in a gas-furnace, in which case the external 
cnicible may be dispensed with. This decomposition of the salt by heat 
requires to be conducted with great cart*, since if the evolution of ammo- 
nium chloride be too rapid, a notable amount of metallic platinum will bo 
carried off. Chloride of potassium may be used instead of clilorido of 
ammonium for the precipitation ; the jwtassio-platinic salt, 2 KCI,PtCl 4 , 
produced, containing 40*4 per cent, of platinum, is either dried and 
weighed at 100* C., or is decom{>osed, by heating to redness, into metallic 
platinum, and potassium chloride. The latter is separated by solution 
in hot water, and the former dried and weighed in the metallic state. 

Kative platinum cannot be assayed in the dry way, and its complete 
analysis is a long and difficult operation, which can only bo successfully 
undertaken by an experienced chemist.^ The commercial assay of platinum 

^ The first somewhat complete examination of native platinum was made by 
Wollaston; but both Berzelius and Vauquelin added much to our knowledge of the 
chemistry of this metal. The processes employed bv the former for the analysis of 
native pfatinum are described in Gmelin*s 'Handbook/ vol. vi. y, 259. Claus, in 1854 
{Btitrdge zur OuchicMt der PlatinmetalU)^ proMsed a simpler antf in some resi>eot8 more 
accurate method. Another method has been devised by Deville and Debray (Ann. Ch. 
Bhys. (3) Ivi. p. 385). Descriptions of the two processes lust referred to are given in 
Watts’s * Dictionary of Chemistry,’ Art. ‘Platinum/ 
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is conducted by performing, on a small scale, one of the processes now to 
be described,. 


METALLURGY OP PLATINUM. 

Wollaston’s Pbocess. — The platiniferous grains subjected to treat- 
ment, besides containing the metal principally sought, also yield variable 
quantities of osmium, iridium, rhodium, and ruthenium; they also fre- 
quently contain, in addition to these, gold, silver, iron, and copper, 
together with various heavy minerals, such as titaniferous and chrome 
iron ores. 

When gold is present in sufficient quantity, the ore is first subjected 
to amalgamation for the purpose of its extraction, and the residue, after 
careful mechanical washing and digestion, first with nitric acid and 
subsequently with hydrochloric acid, is treated for platinum. The con- 
centrated ore is atlJlicked by aqua regia, containing an excess of hydro- 
chloric acid, either in large glass carboys or in stoneware vessels, 
heated on a sand-bath placed under a chimney, by which the evolved 
fumes are carried off. The aqua regia is diluted with water, as by 
tliis means a smaller quantity of iridium is dissolved than when the 
acids are employed in an undiluted state, and when this metal is pre- 
sent even in small quantity the manufactured platinum is rendered 
hard and its tenacity impaired. The aqua regia is seveial times renewed 
before the solution of the ore is completed, and care is taken to avoid 
the inhalation of the escaping fumes, which, from the presence of osmium 
compounds, are extremely prejudicial. The solution thus obtained is set 
aside, in order that it may brighten by subsidence, and the clear liquid, 
after being drawn off by a glass syphon, is treated with solution of sal- 
ammoniac as long as a yellow precipitate is deposited. The mother 
liquors from this precipitate still contain a considerable amount of 
platinum, together wdth variable quantities of the other metals originally 
present in the material operated upon. Bars of zinc, when introduced 
into the liquors, produce a deposit of a dark colour, from which a certain 
amount of platinum is obtained by washing it clean with hot water, and 
subsequently attacking it by aqua regia containing a large excess of 
hydrochloric acid, to prevent the precipitation of palladium or lead if 
contained in the solution. Sal-ammoniac is now added to the clear solu- 
tion, and a second precipitate of ammonio-platinic chloride is obtained. 

The double chloride thus obtained is heated to redness in large black- 
lead crucibles, and by this means chlorine and sal-ammoniac are expelled, 
while metallic platinum, in a spongy state, remains. 

This spongy platinum is next finely pulverized, by being rubbed 
between the hands, and afterwards intimately mixed with water, so as to 
form a dense black slime. This is carefully passed through sieves of fine 
wire-gauze, and the coarser particles, which remain on the meshes, are 
again crushed and ultimately made to pass through. 
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In conducting this operation, it is of importance to avoid the use of 
any hard body, by which a commencement of aggregation between the 
particles of metal might be prcnluced. Scrupulous cleanliness on the part 
of the workmen is also necessary, to prevent the introduction of any ex- 
traneous matter into the finely divided mass, which might be sufficient to 
cause a serious imperiection iu the forged platinum produced. To avoid 
this, the metallic po^yde^ is repeatedly washed, by decantation, previous 
to its consolidation. 

The platinum paste is next moulded in an apparatus consisting of 
a gun-metal cylinder, accurately fitted with a steel piston, and enclosed 
at the lower end in a steel foot-piece, by which the esca|)e of the pasty 
mass is prevented. Care is taken that the mass to be compressed be 
entirely free from air-bubbles, and, after first ramming with a wooden 
pestle, the steel piston is applied. The water is thus separated from the 
metallic particles, and their closer compression is afterwards effected by a 
hydraulic or powerful screw-press. The discs of plitinum thus formed 
are subsequently heated to w’hiteness and hammered on an anvil, until a 
homogeneous welded mass has been obtained. 

Although commercial platinum may bo prepared by the direct addition 
of sal-ammoniac to the solution obtained from the ore, the following 
modification is to be preferred when greater purity is required. The 
solution, which is generally deep-red, and evolves chlorine from the pre- 
sence of tetracliloride of palladium, is boiled; whereupon chlorine is 
expelled, and the palla<lium present reduced to the state of dichloride. 

Chloride of potassium is now added to the solution, which precipitates 
the platinum as sparingly soluble double chloride of platinum and potas- 
sium, leaving the palladium in solution. This precipitate, which, when 
pure, has a yellow colour, but is red wdien iridium is present, is collected 
on a filter, and washed with a dilute solution of chloride of potassium. 
The double salt of platinum is ignited with twice its weight of potassium 
carbonate, and the platinum thus reduced to the metallic state, while a 
portion of the iridium remains as trioxide. The soluble potassium salts 
are subsequently removed by washing with hot water, and the platinum 
dissolved by nitro-hydrocldoric acid, which leaves the trioxide of iridium 
undissolvei In order to effect the complete separation of iridium, 
it may be necessary to repeat, more than once, the precipitation by 
chloride of potassium and the re-solution of the platinum. Tlie platinum 
solution thus freed from iridium is treated with sal-ammoniac, and 
the metal thrown down as double chloride of platinum and ammonium. 
This is ignited, and the resulting 8|x>ngy platinum treated as before 
described. 

When platinum ore is attacked by aqua regia, a portion consisting of 
grains of osmiridium, besides various other substances which have not 
been removed by washing, always remains undissolved. 

Deville and Debray’s Processes. — Platinum prepared as above 
described is never quite pure, but contains small quantities of osmium, 
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silicon, &c. In order to remove these impurities, and at the same time 
to render it more compact and freer from cavities, it is fused in a furnace 
composed of blocks of well-burnt lime, by means of a hydrogen or coal- 
gas flame supplied with a current of oxygen. 

In a furnace of this description, Deville and Debray succeeded, with 
a consumption of about 43 cubic feet of oxygen, in melting and refining 
25*4 lbs. of platinum in the course of forty-two minutes; very much 
larger masses have since been treated by this method. 

During the operation of fusion, the osmium is expelled in the form of 
tetroxide, while silicon is removed in the state of silicate of calcium, 
wliich, forming a fusible slag, is absorbed by the walls of the furnace. 
Lime is so bad a conductor of heat that a basin of this substance less than 
an inch in thickness may be filled with melted platinum without the 
temperature of the exterior being raised much beyond 150“ C. 

Deville and^Debray likewise introduced the following process for the 
treatment of platinum ores in the dry way. A small reverberatory furnace, 
of which the bottom consists of a hemispherical cavity of fire-brick lined 
with refractory clay, is, after being heated to full redness, charged with 
a mixture consisting of 2 cwts. of platinum ore and the same weight of 
galena. The charging occupies some time, as small quantities only are 
introduced in succession, and the whole is kept constantly stirred until a 
fusible matte has been produced. A small quantity of powdered glass is 
used as a flux, and by degrees a weight of litharge, equal to that of the 
galena employed, is thrown in. The reaction which takes place between 
the galena and litharge results in the expulsion of sulphur and the reduc- 
tion of the lead to the metallic state. The reduced lead forms with the 
platinum a fusible alloy, which is allowed to remain for some time undis- 
turbed in a melted state. In this way the osmiridium, which has not 
been attacked, and of which the specific gravity is very high, collects at 
the bottom of the metallic bath. The upper portion of the platiniferous 
alloy is now drawn off into ingot-moulds, while the residue, containing 
osmiridium, is added to the next charge. The platiniferous lead is sub- 
sequently subjected to cupellation in the ordinary way, and the crude 
platinum obtained is refined on a bed of lime, by the heat evolved by the 
combustion of a mixture of coal-gas and oxygen. The platinum thus 
prepared is nearly pure, is very ductile and malleable, and works well 
under the hammer. 

The 'inalterability of platinum at high temperatures, together with its 
power of resisting the action of a great number of the most powerful 
chemical agents, renders it a useful material for the manufacture of 
crucibles, evaporating dishes, <kc., for laboratory use. Large platmum 
stills are sometimes employed for the concentration of sulphuric acid , 
vessels employed for this purpose are strongly gilt on the inside, as unless 
thus protected, platinum prepared by Wollaston's process soon becomes 
suflSciently porous to admit of the transudation of the acid. A platinum 
coinage was introduced some years since in Russia, but not having 
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been found conyenient, the coins were ultimately withdrawn from 
circulation. 

Alloys op Platinum and the Allied Metals. — Platinum alloys 
readily with most of the heavy metals, but few of these compounds have 
received any very extended practical applications. The so-called plati- 
num bronzes consist of nickel with small quantities- (i to 1 per cent.) of 
platinum, and 10 to 20 per cent, of tin. An alloy of 13 parts of copper 
with 3 of platinum is similar in colour to gold. Alloys of gold and 
platinum in varying proportions are used in Prinsep’s Pyrometer for the 
determination of high temperatures; the melting-point of such alloys 
increases with the proportion of platinum. The following values are those 
given by Schertel and Ehrhard, which are based upon Violle’s observa- 
tions : — 


Gold. 

Flatinum. 

Melting-point 

100 

0 

1075^ 

90 

10 

1130 

70 

30 

1255 

50 

50 

1385 

30 

70 

15*25 

10 

90 

1690 

0 

100 

1775 


Crucibles used for the fusion of minerals with caustic alkalies and 
nitre are sometimes made of gold to which about 5 per cent, of plati- 
num has been added, as they are sensibly harder and less liable to de- 
formation than those made of pure gold, while the resistance to corrosion 
by the alkaline flux is practically the same. 

The most interesting platinum alloys are those with iridium, which 
are remarkable for their refractory characters, strength and hanlness. An 
alloy of 90 of platinum with 10 of iridium has been made in some 
quantity by Messrs. Johnson, Matthey & Co., for the International 
Metric Commission, to be used for the preparation of standard metre 
bars for the different governments represented on the Commission. The 
specific gravity of the metal was 21-522 after a first forging, 21*648 
after a second forging and rolling, and 21 ’5 16 after final drawing to a 
rectangular section through a series of plates. For standard weights a 
stronger and denser alloy, containing 20 per cent, of iridium, is considered 
preferable. This has a si)ecific gravity of 21*614, the volume of a kilo- 
gramme being only 46*266, and that of an avoirdupois pound 20*986 
cubic centimetres, the latter being equivalent to a cube of about IjV 
inch in the side. 

The native alloy of osmium and iridium is the hardest and most 
refractory of the substances associated with platinum. It occurs in 
crystalline grains, which are practically infusible, are only slowly 
attacked by the most concentrated aqua regia, and are as rigid as hard 
tool steel They are used for the points of gold pens, for which a 
couple of the larger grains are soldered to the end of the gold nibs, and 
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ground to the required shape on an emery wheel Latterly a method of 
casting osmiridium into plates has been introduced by Mr. Holland of 
Cincinnati, who converts the natural grains into a regulus by fusion with 
phosphorus, which becomes sufficiently liquid to be poured into a mould 
formed of two metal plates. The slab of phosphorized metal is refined 
by exposing it to a very high temperature oh a lime cupel in an electric 
furnace, when the phosphorus is entirely volatilized, leaving the original 
alloy in a connected mass of the shape of the mould. Osmiridium slabs 
produced in this way have been used as draw-plates for making gold and 
silver wires of very exact dimensions, and are said to be preferable to 
those made of ruby, as the holes, which are made by a diamond drill 
keep their shape quite as well, and are not so liable to be damaged by 
chipping. 
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phur, 166. 

of phosphoric anhy- 
dride, 166. 

of carbonic auhydiide, 

166. 

determination of manganese, 

166. 

estimation of titanic oxide, 

167. 

of insoluble residue, 167. 

Anchor coke-oven, 80. 

Ancient metallurgy, 1. 

Angles! te, 568. 

Annealing, 11. 

Anthracite blast-furnaces, 266. 

in South Wales, 266. 

in the United States, 266, 268. 

composition of, 48. 

gases occluded in, 49. 

Antimonial nickel, 386. 

Antimony, alloys of, 496. 

ancients upon, 8. 

impurities of refined, 496. 

liquation of the sulphide, 492. 

metallurgy of, 492. 

ores, 488. 

ass.iy of, dry, 489. 

sulphide by iron, 

490. 

wet, 491. 

properties of, 487. 

pure, preparation of, 488. 

reduction in crucibles, 492. 

singling, 493. 

doubling, 493. 

melting for star-metal, 493, 

Antimony-smelting in the blast-furnace, 

494. 

smelting mixtures, 494. 

materials of the charge, 494. 

calcination of dressed ores, 

495. 

refining crude metal, 495. 

furnace products, 495. 

Argentite, 660, 666. 

Armour-plates, compound, 370. 

hammered, 321. 

rolled, 321. 

Arquerite, 660. 

Arrastra, Francfort’s, 793. 

Mexit^n, 684, 685, 771. 

Arsenic, ores of, 496. 

assay of, 497. 


Arsenic, preparation of, at Altenberg, 497. 

at Keichenstein, 498. 

properties of, 496. 

white, manufacture of, 497, 

Arsenious oxide, production of, in Devon 
and Cornw.all, 478, 497. 

Ash of coal, 46, 47. 

Boghead cannel, 48. 

lignite, 42. 

peat, 35. 

(American), 38. 

woods, 33. 

Assay of antimony ores, 489. 

of arsenic ores, 497. 

of bismuth ores, 559. 

of copper ores, dry, 401. 

Cornish, 401. 

German, 407. 

wet, by zjuc or iron, 4C9. 

by cyanide of potassium, 

410. 

by sodium hyposulphite, 

413. 

by electrolysis, 414. 

of gold bullion, 757. 

of gold ore, 753. 

of gold quartz, 754. 

of iron ores, dry, 154. 

apparatus necessary, 154. 

Berthier’s preliminary method, 

156. 

principal fluxes required, 157. 

fluxes in German ironworks, 

158. 

crucibles used for, 158. 

brasquing of crucibles, 1 58. 

preparation of the assay, 1 58. 

fusion of the assay, 169. 

conclusions from colour of 

slag, 159. 

Swedish process, 160. 

1 of iron ores, wet, 160. 

Marguerite’s process, 161. 

Penny’s process, 161. 

standard solutions, 161. 

solution of the ore, 162. 

determination of the iron, 

162. 

of lead ores, 575. 

without sulphur or arsenic, 

675. 

with sulphur, arsenic, &c., 

' 577, 678. 

, by alkaline flux only, 577. 
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Assay of lead ores, by metallic iron, 678. 

in iron dish or crucible, 678, 

681. 

by alkaline flux and metallic 

iron, 679. 

by sodium carbonate and 

nitre, 682. 

of mercury ores, 640, 641. 

at Idria, 642. 

of tin ores, 472. 

of silver bullion, fire, 671. 

volumetric, 674. 

of silver ores, 668. 

of zinc ores, fire, 506. 

humid, 606. 

volumetric, 607. 

Aubel on the fusion of nickel, 389. 
Augite, 204. • 

Augustinus process ^f silver extraction, 
724. 

first roasting, 724. 

roasting with salt, 725. 

lixiviation and precipitation, 725. 

arrangement of plant, 725. 

products, 726. 

Australian gold-mills, 783, 788. 

Austria, blowing-engiues in, 223. 

charcoal-burning in, 56. 

Ay resume Iron Works, furnace hoists at, 
244, 246. 

Azurite, 394. 

Backwoods hearth, 628. 

Baizes and skin for collecting gold, 790. 
Balbach and Faber du Faur’s method of 
distilling argentiferous zinc, 645. 

Ball ironstone, 136. 

Balling or re-heating furnace, 315. 

Barrel amalgamation of silver ores, 694, 
719, 790. 

at Halsbriicke, 694. 

roasting the ore with salt, 

695. 

reactions during roasting, 

695. 

arrangement of barrels, 696. 

details of working, 696, 697. 

reactions in, 698. 

treatment of slimes, 698. 

- filtration of amalgam, 698. 

retorting, 699. 

losses of silver and mercury, 

699. 


Barrow-in-Fumess, charges and yield of 
furnaces at, 264. 

collection of waste gases at, 238. 

Base bullion, 627. 

Base ores of Montana, 722. 

Basic open-hearth steel process, 860. 
Basic Bessemer steel process, 345. 

Bath metal, 463. 

Batho’s open-hearth furnace, 360. 
Bauxite, 529, 530. 

Bayles or boles, 169. 

Belgian zinc process, 512. 

early history of, 513. 

calcination of ores, 513. 

calcination of blende, 514. 

manufacture of retorts, 514, 

515. 

arrangement of retorts, 61 6. 

zinc furnaces at Angleiir, 516. 

zinc furnace, Boetius’s, 617. 

Siemens’s regenerative, 517. 

method of working, 619. 

in the United States, 619. 

Bell, Sir I. L., dephosphorizing refinery 
process of, 279. 

on heat absorbed in blast furnaces, 

270. 

on blast-furnace coke, 94. 

BeU-metal, 463, 487. 

Berdan’s pan, 787. 

Bertbier, esiimation of calorific power of 
fuels, 20. 

— — process for extraction of nickel, 387. 
Bessemer and open-hearth processes com- 
bined at Neuberg, 366. 

converter, dephosphorizing in, 349. 

pig-iron, 253, 257. 

process, acid, for steel manufacture, 

338. 

two methods of, 339, 

pig-iron suitable for, 339. 

fixed converter, 339. 

movable converter, 340. 

lining of converter, 340. 

description of plant, 341. 

method of conducting, 343. 

treatment of the liquid steel 

in the moulds, 344. 

German classification of me- 
thods of, 345. 

- analyses of metal and slag 

taken during blow, 846, 346. 
methods of controlling work- 
ing, 348. 


cost of, 699. 
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Bessemer process, basic, disooTery of, 860. 

essential peculiarities of, 350. 

converter linings, 350. 

modem form of converter, 351. 

dephosphorizing period, 358. 

recarburizing period, 353. 

analysis of metal taken during 

blow, 353. 

analysis of cinder, 853. 

state of phosphorus in the 

slag, 354. 

applications of the slag, 354. 

process, recent improvements in 

working, 354. 

silicon, carbon, and manganese 

as sources of heat in, 348. 

steel, analyses of, 349. 

carbon in, 348. 

classification of, in Sweden 

and Austria, 347. 

pig iron suitable for, 348. 

Best selected copper, 427. 

Best tap'cinder, 292. 

Bicheroux’s furnace, 318. 

Bismuth, alloys of, 487, 563. 

carbonate of, 559. 

commercial, 557. 

extraction of, in the United King- 
dom, 563. 

Joachimsthal process, 561. 

Schneeberg process, 560. 

metallurgy of, 560. 

native, 558. 

ores, 558. 

assay of, 559. 

oxide of, 559. 

production of, at Freiberg, 561. 

properties of, 557. 

purification of, 557. 

silicate of, 559. 

sulphide of, 559. 

Bituminous coal, 44. 

Black plates, 322. 

Black sands, 134, 140, 763, 800. 

Black tin, assay of, 473. 

in brasqued or black-lead 

crucibles, 478. 

with potassium cyanide, 474. 

Cornish method, 474. 

Blackband ironstone, 135. 

analyses of, 150. 

distribution of, 149, 

Blairii process for direct reduction of 
iron ores, 181. 


Blake’s stone-breaker, 185. 

Blanket sluices in gold-stamping mills, 
775, 776, 777. 

Blanket washings, amalgamation of, 780. 
Blast-furnace, 205. 

at Ditton Brook, 210. 

at Oldbury, 210. 

at Stockton Ironworks, 210. 

belly of, 206. 

I boshes of, 205, 214. 

Biittgenbach’s, 208, 

cinder-fall, 209. 

cinder-notch, 209. 

cinder-tub, 209. 

cupola-furnace or, 207. 

dam-stone and dam-plate, 206. 

development of, from Stuckofen, 

183. , 

dimensions, 21 3r 

of Swedish charcoal, 214. 

in Cleveland, 217. 

hearth, 205. 

hearth and boshes, protection of, 

208. 

Lloyd’s spray-tnyers, 209. 

Lurman’s slag-tuyer, 210. 

materials and construction of, 206, 

monkey-tuyers, 209. 

roughing-hole, 209. 

stack or bf>dy, 205. 

tap-hole, 209. 

throat, 205. 

tunnel-head, 210. 

tuyer-holes, 206. 

tymp, 206. 

tymp-arch, 209. 

water- tuyers, 208. 

Blast-furnaces, charge of, preliminary 
treatment, 184. 

fluxes in, 184, 198. 

heat absorbed for work done in, 

270. 

distribution of, 271. 

sources of, 271. 

connection between, and tem- 
perature of blast, 272. 

dependent on quality of metal 

produced, 272. 

influence of the ore and char- 
coal upon, 272. 

production of, 257. 

modem furnaces, 257. 

charcoal furnaces, 258. 

coke furnaces, 261. 
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BlaBt'furnaceSy production of, uBinfir coal, 
266. 

antbracite furnaces, 266. 

ferro-manganese furnaces, 268. 

slags of, 198. 

relations of fluxes to, 198. 

heat required for fusing, 200. 

mixtures for, 201. 

analyses of, 202. 

fluidity of, 203. 

colours of, 203. 

sulphur in, 202, 203, 

crystallized products in, 204. 

disposal and utilization of, 

204. 

smelting in, 249. 

fuel used, 249. 

use of charcoal, 249. 

coke suitable for use, 249. 

use of anthracite, 249. 

use of air-dried wood and 

peat, 249. 

use of raw coal, 260. 

blowing-in, 250. 

tuyers used in blowing-in, 

260. 

— charge used in blowing-in 

250. 

methods of charging, 251. 

descent of charges, 251. 

mixing of charges, 251. 

distribution of materials, 251. 

tapping, 252. 

blowing-out, 253. 

Blast-pipes and nozzles, 233. 

connections for cold-blast, 234. 

tuyers, 234. 

Blast-reservoir at Dowlais, 219. 

Bleiberg process of lead-smelting, 600. 

fuel employed in, 600. 

conduct of operations, 601. 

payment of wages, &o., 602. 

Blicksilber, 561, 663. 

refining of, 654. 

Blister-copper, 424. 

Blister-steel, 328. 

Blochaim, Gjers* soaking-pits at, 368. 

casting-pit and cogging-mill at, 

869. 

Bloomery, American, 175. 

production of iron in, 176. 

Bloomery or native forge in Borneo, 170. 

in Burma, 169. 

in India, 169. 
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Blowholes, steel castings without, 366. 
Blowing-engine at Dowlais, 220. 

in Austria, 223. 

in North of England, 222. 

power required, 223. 

pressure of blast, 223. 

pressure regulators, 223. 

Blowing-houses in Cornwall, 480. 
Blowing-in of blast-furnaces, 250. 
Blowing-out of blast-furnaces, 253. 

Blue billy, 136, 292. 

Bochum, coke blast-furnaces at, 264. 
Boetius’s zinc furnace, 517. 

Bog iron ore, 130. 

Bog ore, analyses of, 146. 

Boghead cannel coal, 150. 

composition of ash of, 48. 

Bohnerz, 145. 

Boliche or Spanish lead-furnace, 598. 

history of, 698. 

at Linares, 699. 

caldeo, 599. 

blandco, 599. 

corrida, 599. 

yield of lead from, 600. 

Boss's modification of the Washoe pro- 
cess, 718. 

Bowl-metal, 493. 

Brass, ancients on, 5. 

composition of different varieties 

of, 463, 466. 

calamine, manufacture of, 465. 

direct preparation of, 466. 

solder, 463. 

Brasqued crucibles, 159. 

Brazilian process for direct reduction of 
iron ores, 177. 

furnace used, 177. 

yield of metal, 178. 

Breckon and Dixon’s coke-oven, 78. 

nature of improvements in, 78. 

quality and quantity of coke made 

in, 80. 

Britannia metal, 487. 

Bronze, 463, 487. 

ancient use of, 5. 

Brown coal, 40. 

charring of, 96. 

Brown hsematite, 134. 

Brown iron ores, older, distribution of 
142. 

analyses of, 143. 

newer, distribution of, 144. 

from the oolite, Ac., analyses of, 144. 
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Brunton's caloiuer, 475. 

BuU-dog, 128, 292. 

Bullion, gold, assay of, 757. 

silver, fire assay of, 671. 

computation of results, 671. 

lead required for cupellation, 

672. 

volumetric assay of, 674. 

standard solution, 675. 

decimal solution, 675. 

method of conducting assay, 

675. 

apparatus employed, 677. 

correction for temperature of 

standard solution, 679. 

preparation of standard solu- 
tion, 680. 

Burnt witts, 478. 

Bystrom’s pyrometer, 22. 

CADraHO, 177. 

Cadmia, 6. 

Cake-copper, 428, 431. 

Caking coal, 44. 

effects of different treatments 

on, 44. 

effect of exposure to air on, 

45. 

effects of inorganic matter on, 

45. 

Calamine, 502. 

electric, 503. 

Calamine- brass, manufacture of, 465. 
Calaverite, 744. 

Calcining kilos for iron ores, 193, 196, 
197. 

Calomel, native, 537. 

Calorie, 17. 

Calorific intensity, definition of, 17. 

of fuel, 22. 

power, definition of, 17. 

of fuels, 17. 

of carbon, 1 9. 

of carbon monoxide, 1 9. 

of hydrogen, 20. 

of fuels, Berthier’s method of 

estimating, 20. 

of coal, 22. 

determination of, by litharge, 

28. 

Calorific powers, table of, 21. 

Calorimetric experimenta, Ktimford^ 17. 
Cannel coal, 47. 

Carbon, combuatton 16. 


Carbon, calorific power of, 19. 

condition of, in iron, 126. 

semi-oombined or hardening, 127. 

in Bessemer steel, 348, 349. 

graphitic, estimation of, in iron and 

steel, 374. 

combined, estimation of, in iron 

and steel, 876. 

determination of, in iron and steel, 

Eggertz’s process, 877. 

Carbonic oxide, calorific power of, 19. 
Carbonization of coal in heaps, 70. 
Carbonized fuels, preparation of, 50. 
Carinthia, gas puddling furnaces in, 295. 

refinery process in, 277. 

Carinthian process for steel-making, 335. 
Carv5a coke-oven, 88. 

condensation of tar and ammonia- 

cal liquors in, 89.^ 

yield of coke, t.ir, &c., in, 89, 90. 

Case-hardening, 333. 

Cassiterite, 469. 

Castilian furnace, 6o5. 

ores suitable for, 605. 

removal of slag from, 606. 

expenditure of coke in, 606. 

use of scrap-iron in, 606. 

in Derbyshire, 606. 

Cast-iron, proportion of carbon in, 126. 

in Hindoo furnace slags, 183. 

necessity of preliminary treatment 

of materials in the production of, 184. 
necessity of fluxes in the produc- 
tion of, 184. 

varieties of, 253. 

partial decarburizatiou of, by ce- 

mentation, 370. 

analysis of, 373. 

Cost-steel, crucible, 329. 

manufacture of, 330. 

time occupied in melting, 380. 

fuel consumed in making, 331. 

Siemens's regenerative furnace ap- 
plied to production of, 831. 

Catalan forge for direct reduction of iron 
ores, 171. 

description of hearth, 171. 

description of trompc, 172. 

regulation of air supply, 172. 

hammer employed in, 178. 

method of working, 178. 

maseouquettes from, 173. 

greillade, 174. 

reactions in, 174. 
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Catalan forge, 'massoques, 176. 

time employed in working 

charge, 175. 

weight of ore treated, 175. 

character of metal obtained, 

176. 

— process, production of steely iron 
in, 824. 

Cazo, 692. 

Cement copper, 449. 

Cementation, 825. 

converting-furnace for, 326. 

charging converting-furnace, 327. 

preparation of charcoal for use in, 

327, 328. 

trial bars, 327. 

time required for, 327. 

Swedish irog suited for, 327. 

physical propirties of bars before 

and after, 328. 

increase of weight experienced by 

iron during, 828. 

— of cast-iron, 37 0. 

Cerargyrite, 663. 

Cerussite, 567. 

Cervantite, 489. 

Charcoal, 51. 

quick and slow charring, 52. 

determination of yield of, 62. 

various methods of burning, 63. 

yield of different woods, 63. 

specific gravity of, 63. 

volatile matter in, 64. 

water in, 64, 

absorption of water and gases by, 

64. 

and coke, manufacture of, Mr. £. 

Rogers on, 74. 

from brown coal, 95. 

Charcoal blast-furnaces, 258. 

Styrian, 258. 

Swedish, 235, 259. 

temperature of blast 

used, 259. 

weekly production of, 
259. 

consumption of char- 
coal in, 260. 

American, 260. 

hearths, manufacture of wrought 

iron in, 287. 

kiln, American, rectangular, 69. 

cylindrical, 60. 

_ conical, 60. 


Charcoal kilns, varieties of, 61. 

grates of, 61. 

for saving both tar and char- 
coal, 62. 

non-condensable gases evolved 

from, used as fuel, 63. 
Charcoal-burning in piles, 62. 

irregular contraction of piles, 64. 

in rectangular heaps, 66. 

in long piles, 58. 

in long piles, collection of distilla- 
tion products, 58. 

in long piles in Sweden, 68. 

in China, 58. 

in piles, disadvantage of, 68. 

Charring, object of, 51. 

of wood, loss of bulk occasioned by, 

57. 

of peat in heaps, 65. 

in ovens, 66. 

of brown coal, 95. 

Chenot’s process for direct reduction of 
iron ores, 180. 

construction of furnace, 180. 

charge of furnace, 180. 

cooling reduced metal, 180. 

balling of sponge, 181. 

for conversion of metallic sponge 

into steel, 332. 

Chicago, anthracite blast-furnaces at, 
267. 

Chili, amalgamation in, 719. 

copper bars from, 431. 

smelting in, 431. 

Chilling or chill casting, 127. 

China, charcoal-burning in, 58. 
Chloridizing silver ores, Stetefeldt’s fur- 
nace for, 719. 

Chlorination process for extraction of 
gold, 798. 

method of conducting in California, 

799. 

Chromic iron ore as a refractory material, 
113. 

Chromium sesquioxide as a refractory 
material, 113. 

Chrysocolla, 396. 

Cinder-pig, 128. 

Cinnabar, 587. 

Claudet’s process, 738. 

analysis of strong liquors, 739. 

— estimation of silver in the 

liquors, 740. 

precipitation of silver, 740. 
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CUodet'e proce«» preetona matala ax- 
tnctad by, iu the United Kingdom, 741. 

analytii of ailver preoipiUta, 

74L 

coat of, and produce, per ton 

of ore, 741. 

Clausibal, retiuction of lead ores at, 607. 

use of slag uotalea, 60$, 

collection of fume, 609. 

first matte, 609. 

roasting first mattea, 609. 

second matte, 610. 

third and fourth mattes, 610. 

copper matte, 610. 

recent modifications in lead-smelting 

at, 610. 

Clausthalite, 567. 

Clay ironstones, 135. 

distribution of, 148. 

analyses of, 149. 

Clay band ironstone, 185. 

Clay’s process for direct reduction of 
iron ores, 179. 

Clay-slate or shale for fluxing, 199. 
Cleveland, basic Bessemer steel works in, 
351, 353. 

district, roasting-kilu iu, 1 95. 

coke blast-furnaces of, 262. 

iron ore, distribution of, 151. 

analyses of, 151. 

Oioez’s process for extraction of nickel, 
387. 

Close regulus, 430. 

Closson’s process for obtaining magnesia, 
364. 

Coal, calorific power of, 22. 

composition and origin of, 38. 

occurrence of, 39. 

formation of, from woody tissue, 39. 

nitrogen in, 89. 

sulphur in, 39. 

occurrence of minerals in, 40. 

brown, or lignite, 40. 

inorganic matter in, 40. 

— red and white ash, 40. 

American, 43. 

cretaceous, composition of, 43. 

bituminous, 44. 

caking, 44. 

non-caking, 44. 

effect of beat on the caking pro- 
perty of, 44. 

British, composition of, 46. 

foreign, composition of, 47. 


Coal, asb, oompodtkm of, 47« 

I, compoattion of, 48. 

anthracite, oompoaiUon of, 4A 

oociuiion of gaesa in, 48, 

production of, in the United King- 
dom, 50. 

Ciial-brsssea, 150. 

C*iaree- metal, Welsh copper-smelting, 
421. 423. 

CuUlt, 381. 

bloom, 882. 

blue, 3S4. 

estimation of, 382. 

glance, 881. 

ores of, 381. 

oxide of, 383. 

preparations of, 383. 

Coccinite, 537. , 

Cogging-mill at Blocbatrn, 868. 

Coke, 65. 

first employment of, 68. 

good quality, properties of, 69. 

influence of mode of preparation 

on, 69. 

produced in ovens, properties of, 77. 

from which the bye-products hare 

been collectetl, 94. 

composition and properties of, 94. 

power of absorbing water, 95. 

Coke blast-furnaces, 261. 

in the Siegen district, 261. 

in the Munen district, 262. 

in South Staffordshire, 262. 

in the Cleveland district, 262. 

at Newport, 263, 

- — at Ormesby, 263 

at Ditton Brook, 264. 

at Consett, 264. 

in the Bairow district, 264. 

at Bochum, 26 4. 

Coke-oven, anchor, 80. 

beehive, 74. 

charge of, 76. 

cooling of coke from, 80. 

cooling of, 76. 

drawing charges of, 76. 

Breckon and Dixon's, 78. 

nature of improvement, 

78. 

quality and quantity of 

coke mode in, 80. 

Carvis', 88. 

improvement effected by, 
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Coke-OTen, without fire-places, 89. 

yield of coke, tar, &c., 

89, 90. 

HofiTmann’e, 90. 

easential features of, 90, 

air regenerators of, 92. 

circulation of the air and 

of the gases of the charge, 92. 
yield of ammonium sul- 
phate, &c., 94. 

Jameson’s, 94, 

conversion of ordinary 

beehive into, 94. 

yield of tar, &c., 94. 

North of England, 77. 

Otto’s, 90. 

Pauwels and Dubochet’a, 81. 

. at SJt. Etienne, 83. 

Pernolet’8,^3. 

products obtained by, 

83. 

charge of, 86. 

condenser applied to, 86. | 

washers, 87. 

- time occupied in work- 

ing charge in, 87. 

treatment of impure coal 

in, 88. 

Simon-Carv^s’, 89. 

- - — improvement effected 

by, 89. 

(joke-ovens, collection of tar, &c,, from, 
81, 89, 90, 94. 

Coking m mounds, 70. 

dimensions of mound, 70. 

lighting of mounds, 71. 

— in ovens, 74. 

in rectangular kilns, 71. 

charging the kilns, 72. 

airways left in, 72. 

regulation of draught, 73. 

- time occupied by the process, 

73. 

yield of coke, / 4. 

object of, 61. 

Cold-short iron, 323. 

Cold-shortness, 129. ^ 

Colorado, extraction of silver in, i o2. 
Golorados, 660, 663. 

Colour of alloys, 8. 

of metals, 8. 

Combustion, products of, 16. 

Compressed steel, 866. 

Krupp’s, 866. 


Compressed steel, Jones’s, 865. 

Whitworth’s, 865. 

Comstock lode, 664, 666, 699, 700, 705, 
Concentration by strakes, 789, 

and pan amalgamation combined, 

796. 

Concentrators for auriferous sulphides 
I and arsenides, 780, 786. 

Condie’s steam-hammer, 305. 

Conductivity of metals, thermal and 
electric, 13. 

Consett, coke blast-furnaces at, 264. 

Copper, alloys of, 462. 

ancient use of, 4. 

1 bars, 431. 

best-selected, 427. 

blue carbonate of, 394. 

bottoms, 428. 

cake, 428, 431. 

dry, 425. 

extraction of, wet processes for, 448. 

hydrochloric-acid process, 450 

Longmaid’s processes, 461. 

Henderson’s process, 452. 

treatment of burnt cupriferous 

pyrites, 453. 

ingots, 431. 

moulds for, 426. 

imports and exports of British, 401. 

impurities of commercial, 389. 

marketable, 425. 

mattes, treatment of, by electrolysis, 

462. 

metallurgy of, 416. 

principles involved in, 41 6. 

native, 390. 

nickel, 386. 

ores of, 390. 

- distribution of, 396. 

dry assay of, 401. 

wet assay of, 409. 

by electrolysis, 414. 

by sodium hyposul- 
phite, 413. 

overpoled, 426. 

precipitated from mine waters, 448. 

production of, throughout the 

worid, for the years 1880 to 1885 in- 
elusive, 400. 

— — — properties of, 389. 

pure, preparation of, 889. 

pyrites, 392. 

refining of, by electrolysis, 469. 

regule, 428. 
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Copper, smelting of, most important 
* methods, 417. 

Welsh method, 417. 

calcination of mixed 

ores, 419. 

fusion of calcined ores, 

421. 

calcination of crushed 

coarse-metal, 423. 

fusion of calcined 

coarse-metal, 423. 

roasting white-metal 

or pimple- metal, 424. 

refining and toughen- 
ing, 425. 

use of phosphorus in 

refining, 427. 

making best - selected, j 

427. 

modifications of, 428. 

in Chili, 431. 

in Mansfeld, 431. 

Manh^ process, 444. 

sulphate obtained as a bye-product, 

802, 804. 

tile, 428, 431. 

tough-pitch, 426. 

vitriolizing of, at Oker, 801. 

Cordurib’s process, dezincification of 
lead, 645. 

Cornish assay of copper ores, 401. 

apparatus employed, 401. 

preliminary examination, 4U2. 

, method of conducting, 402. 

fusion for regulus, 403. 

calcination of the regulus, 404. 

fusion for coarse copper, 405. 

treatment of slags for copper, 

406. 

refining, 406. 

assay of black tin, 474. 

process of lead-smelting, 596. 

calcination, 596. 

flowing, 597. 

time required for, 597. 

Coronarium, 5. 

Corsican process for reduction of iron 
ores, 176. 

description of forge or fire, 

176. 

first operation or roasting, 

176. 

second operation or firing, 

177. 


Corsican process, time occupied by 
operation, 177. 

yield and cost, 177. 

Cotunnite, 566. 

CouoroD, extraction of silver from lead 
at, 647. 

lead-smelting at, 591. 

calcination of lead ores at, 593. 

ores smelted at, 593. 

repairing of furnace bottom at, 

595. 

weight of charges, &c. , 695. 

treatment of siliceous lead ores at, 

616. 

water-jacket furnace, 618. 

reduction of calcined ores 

and grey slags, 61 9. 

compt>Bitii n of smelting mix- 
ture, 620. »• 

management of furnace, 621. 

quantity of material smelted, 

622. 

loss of lead, &c., 622. 

Cowles* process of making aluminium 
alloys, 531. 

Cowper*8 hot-blast stove, 229. 

action of, 230. 

heating power, 231. 

— prevention of choking, 231 . 

at Newport Iron Works, 231. 

Cradle, gold- washing by, 763. 

Cretaceous coal, composition of, 43. 
Creusot, improved Dauks’s furnace .at, 
301. 

I Crocus, 123. 
j Crop-ends, 317, 367. 

Crucible tongs, 155. 

Crucibles, 115. 

pro]»erties required in, 115. 

highly refractory, mixture for, 116. 

testing fusibility of, 117. 

burnt and unburnt, 117. 

action of metallic oxides on, 117. 

London, 117. 

Cornish, 118. 

French, 118. 

Hessian, 118. 

for steel-melting, 830. 

Crude arsenic, production of, in Devon 
and Cornwall, 478, 497. 

Crushing-rolls, 186, 772. 

Cryolite, preparation of aluminium from, 
531. 

Crystallization of metals, 10. 
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Culm, 480. 

Cup and cone, 287. 

CupellatioD, assay by, 588. 

brightening, 686. 

sprouting or vegetating, 685. 

assay furnace, 684. 

of silver ores, 668. 

of silver bullion, 671. 

of gold ores by, 755. 

or refining, desilverization of lead 

by, 647. 

Cupels, 584. 

manufacture of, 587. 

moulds for, 588. 

Cupola blast-furnaces, 207. 

Cupriferous pyrites, burnt, treatment of, 

453. 

proportion of salt and sulphur 

required for roasliijp, 454. 

composition of, 454. 

grinding, 454. 

calcination, 455. 

lixiviation, 457. 

assay for determining when 

comnletely calcined, 457. 

precipitation of copper, 458. 

recovery of sodium sulphate, 

459, 

modifications of the ordinary 

process, 459. 

extraction of precious metals 

from, 738. 

Cuprite, 390. 

Damascening, 342. 

Danks’s rotative puddling furnace, 298, 
301. 

description of, 299. 

supply of air to, 300. 

separation of silicon and phos- 
phorus in, 301. 

. - weight of ball from, 301. 

squeezer used with, 310. 

Dannemora iron, 328. 

magnetic iron ore of, 137. 

Darlaston, collection of waste gases at, 
236. 

Daubrdelite, 131. 

Davey’s hydraulic forging press, 308. 
Delta metal, 464. 

Denver, extraction of silver at, 732. 

lead-smelting furnaces at, 626. 

Dephosphorizing in the Bessemer con- 
verter, 349. 


Desilverization of lead, 634. 

by zinc, 641. 

De Vathaire on the fuel required for dif- 
ferent classes of pig metal, 272. 

Deville and Caron's magnesium process, 
532. 

Deville and Debray's platinum processes, 
814. 

Deville’s aluminium process, 629. 

sodium process, 527. 

Dilatation of metals by heat, 13. 

Dinas fire-brick, composition of, 115. 
Dioptase, 395. 

Distillation, dry, 60. 

Ditton Brook, blast-furnace at, 210. 

working of, 264. 

Dolomite in the basic Bessemer process, 
350. 

Dony, Abbd, discovery of the Belgian 
zinc process by, 613. 

Dor^ silver, 757. 

Double-shear steel, 329. 

Dowlais, blast reservoir at, 219. 

blowing-engine at, 220. 

capacity of blast-furnace at, 266, 

refining of iron at, 273. 

roasting-kilns at, 193. 

Dry copper, 425. 

distillation, 60. 

Ductility of metals, 11. 

Dufrenoysite, 567. 

Dumas’ table of hardness of metals, 9. 

Eastwood’s mechanical rabble, 297. 

Eck’s refinery, 277. 

Eggertz on carbon in Swedish iron and 
steel, 378. 

Eggertz’s processes for analysis of iron 
and steel, 377. 

Eguilles, Manh^s process of copper- 
smelting at, 444. 

Electrolysis, assay of copper ores by, 
414. 

copper-refining by, 469. 

Messrs. Elkington’s patent, 

459. 

principal refineries, 460. 

cost at various refineries, 461. 

extraction of the gold and 

silver, 461. 

treatment of copper mattes by, 

462. 

Electrolytic lead-refining, Keith’s, 666. 
Electrum, 743. 
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Elutia, 4. 

Embollte, 663. 

Emerald nickel, 887. 

English process for the reduction of sino 
ores, 511. 

silver-refinery, 647. 

Enstatite, 204. 

Erubescite, 393. 

Erzgebirge, tin-smelting in, 484. 

Exeli’s furnace at Idria, 550. 

Fahubbz, 393, 537. 

Ferro-mangauese, 129, 255, 257. 

furnaces, 268. 

in Bessemer process, 344. 

Ferro-silicon, 127, 256, 257. 

use of, for steel castings, 366. 

Fettling, materials used for, 292. 

effect of, on iron produced, 292. 

Finspong, composition of charges at, 260. 
Fire-bricks, qualities required in, 113. 

manufacture of, 113. 

composition of, 114. 

blue, analysis of, 114. 

Fireclays, properties and occurrence of, 
110 . 

Fizeau's table of the dilatation of metals, 
13. 

Fiach’s process for treating aigeotiferous 
zinc, 644. 

Flatting-mill, 10. 

Flintshire process of lead-smelting, 589. 

charge of furnace, 589. 

g^ey slag from, 590, 

ores treated by, 591. 

at Coucron, 591. 

Flowing furnace, lead-smelting in, 597. 
Flue-cinder, 316. 

Fluxes used in blast-furnaces, 198. 

conditions regulating, in blast-fur- 
naces, 199. 

Fondon, 693. 

Fontaine on electrolytic copper-refiiaiog, 
460. 

Fonte-rubanee, 255. 

Forge and mill, distinction between, 302. 
Forge machinery and operations, 302. 

tilt-hammer, 302. 

helTe-bammers, 802. 

Forge or bloomery processes, native, 169. 
Forges, open, particulars of, 385. 

Forging* press, hydraulic, Davey’s, 308.; 

Haswell’s, 808. 

Formal], 5. 


Franofort mill at Pestarena, 793. 

— details of operations, 796. 

results obtained by, 796. 

Franklinite, 132. 

Free milling gold and silver ores, 664. 
Freiberg, barrel amalgamation at, 694. 

j litharge-reviving at, 656. 

production of bismuth at, 661, 

silver-refining at, 653, 654. 

Freiealebenite, 662, 665. 

Fr6my on the composition of steel, 324. 
French-metal, 493. 

Frue vanner, 781, 797. 

Fuel, definition of, 16. 

elements applied as, in metallurgy, 

16. 

gaseous, 96. 

I calorific intensity of, 22. 

calorific pow^r of, 17. 

analysis of, 25. 

carbonized, preparation of, 50. 

, Fume in copper calciner flues, 458. 

lead, 657. 

— at Clausthal, 609. 

at Pontgibaud, 614, 657. 

at Wild berg, 657. 

— condensation of, 657. 

Furnace, antimony liquation, 493. 

assay wind, 154. 

cupellation, 584. 

bismuth liquation, 560. 

blast, at Plymouth ironworks, 205. 

at Oldbury, 210. 

— — at Stockton, 210. 

at Irittou Brook, 210. 

charcoal, .Styrian, 258. 

Swedish, 259. 

American, 260. 

I coke, 261. 

' using coal, 265, 266. 

anthracite, 266. 

for ferro- manganese, 268. 

converting, 826. 

( copper calcining-fumace, 420. 

mcltiog-fumacc, 422. 

rectangular furnace, Manafeld, 

435. 

six-tuyer furnace, Manafeld, 

435. 

roasting furnace, 455. 

lead-smelting, at Coueron, 691, 

618 . 

Sjianiab, 598. 

I at Clausthal, 607. 
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Furnace, lead-Bmelting, at Leadville, 625. 

mercury, old, at Idria, 546. 

aludel, 548. 

continuous coarse ore, 550. 

fine ore, 553. 

puddling, 288. 

at Neustadt, 296. 

rotative, 297. 

regenerative, 102. 

temperature of escaping gases, 

103. 

economy of fuel in, 103. 

accumulation of beat in, 103. 

• material used in construction 

of, 104. 

surface of brickwork required 

for. 104. 

F. Siemens on improved rever- 
beratory chamiSer^of, 107. 

reheating, 316. 

gas, 318. 

Siemens’s, 106. 

silver, English refinery, 648. 

German cupelling, 651. 

Stetefeldt’s, 719. 

steel-melting, 329. 

tin, 480. 

zinc, English, 611. 

Belgian, 616. 

Boetius’s, 518. 

Silesian, 621. 

Furnace-hoist at Newport, 241. 

at Ay resume, 244. 

Furnaces, refractory materials for, 
108. 

Fusibility of metals, 12. 

Fusible metals, 663. 

Oaarkupper, 440, 441. 

Galena, 566. 

antimony sulphide in, 666. 

assay of, by an alkaline flux only, 

577. 

: by metallic iron, 678. 

by an alkaline flux and me- 
tallic iron, 679. 

in iron pots, 681. 

by sodium carbonate and 

nitre, 682. 

containing antimony, assay of, 682. 

lead and silver in, 666. 

occurrence of, 666. 

Gallery of the Palatinate, 666. 
Galvanizing, 180. 


Ganister, 115. 

Garnierite, 386. 

Gartsherrie, collection of tar, &c., at, 240. 
Gas calcining kilns, 197. 

reheating furnaces, 318. 

Gaseous fuel, 96. 

Gas-furnaces, puddling in, 295. 
Gas-producer, Siemens’s, 98. 

fuel used in, 98. 

reactions in, 100. 

temperature of gases from, 

100 . 

composition of gases from, 

102 . 

Gay-Lussac’s, assay of silver bullion, 
674. 

Gehlenite, 204. 

Gellivara, magnetic iron ore of, 137. 
German assay of copper ores, 407. 

roasting, calcining, 407. 

melting for coarse copper, 

407. 

refining, 408. 

forge, 281. 

silver refinery, 651. 

silver, 385, 463. 

varieties of, 464. 

Gersdorfifite, 386. 

Gillot’s basic open-hearth method at 
Farnley, 361. 

furnace lining materials, 362. 

gas and air ports, 362. 

details of one operation, 363. 

repairing air and gas ports, 

363. 

Gibb’s sodium sulphate process, 459. 
Gjers’ calcining-kiln, 195. 

soaking-pit, 368. 

Glauberite, 626. 

Glazy or glazed iron, 127, 265, 267. 

Gold, ancient use of, 1. 

bullion, assay of, 757. 

treatment of cornet, 758, 

760. 

surcharge, 769. 

effect of copper in various 

proportions, 769. 

lead necessary for cupelling, 

767. 

methods of reporting assays 

of, 760. 

assay by touch, 760. 

fusion of, 742. 

jewellery, process of colouring, 761. 
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Gold, extraction of, from auriferous vein- 
stone, 771. 

the arrastra, 771. 

crushing-rolls, 772. 

pulverizers, 772. 

grizzlies and stone-breakers, 

772. 

stamping-mill, 778. 

amalgamation in battery, 774. 

blankets, 775. 

amalgamated plates, 778. 

cleaning-up, 779. 

amalgamation of blanket- 

washings, &C., 780. 

tailings, &c, 780. 

concentrators, 780. 

retorting, and fusion into in- 
gots, 781. 

dry stamping, 788. 

cost of, 782. 

extraction of, Australian gold-mills, 

783. 

Queensland gold-mill, 785. 

Hungarian mill, 787, 

at St. John d’el Rey, 788. 

use of baizes and skin, 790. 

at Pestarena, 792. 

combined pan amalgamation 

and concentration, 796. 

chlorination process, 798. 

from copper, at Oker, 801. 

in Colorado, 801. 

native, 743. 

average finenesses of, 744. 

composition of, 743. 

crystals of, 743. 

in alluvium, 745, 750. 

in quartz veins, 745, 750. 

in the United Kingdom, 746. 

in France, 747. 

in Spain, 747. 

in Italy, 747. 

in Germany, 747. 

in Austria-Hungary, 747. 

in Sweden, 748. 

in Russia, 748. 

in Ajsia and Africa, 748. 

in the United States, 748. 

discovery of, in California, 

749. 

in British North America, 751. 

in Mexico and Central America, 

752. 

in South America, 752. 


Gold, native, in Australia and New 
Zealand, 752. 

gold-dust, 748. 

nuggets of, 748. 

occurrence of, 743, 

ores, 743. 

parting of, from silver, 803. 

planer-mining, 762. 

pan, 762. 

cradle, 763. 

tom, 764. 

sluice, 764. 

hydraulic mining, 768. 

precipitated, 742. 

production of, 753. 

properties of, 742. 

pure, preparation of, 805. 

quartz, assay of, 754. 

sanphng, 754. 

fusion with litharge, 

sodium carbonate, &o., 755. 

fusion with red lead or 

litharge, 755. 

cupellation, 755. 

parting, 755. 

refining by chlorine gas, 806. 

smelting ores of, methods for, 800. 

smelting and extraction of, in 

Transylvania, 800. 

standards for coinage, 760. 

for plate and jewellery, 760. 

values of, in various countries, 

760. 

wire of Lyons, 463. 

Gordon- Whitwell-Cowperbot-blaststove, 
238. 

Qoslarite, 504. 

Gothite, 134. 

Gozzans, argentiferous, 660, 667. 

Granzita furnace, 556. 

Graphite in iron, 126. 

Gratzel's electrolytic magnesium pro- 
cess, 534. 

Grecanic, 5. 

Grey cast-iron, conversion of, into white, 
273. 

Grey pig-iron, 126, 254, 257. 

G izzlies, 772. 

Grosmont, collection of waste gases at, 
238. 

Gruner, Prof. L., on the Hanhhs pro- 
cess, 444, 447. 

Guanaxuato, patio process at, 685. 

washing apparatus at^ 689. 
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Guide -train, 319. 

Guillotine-shears, 314. 

hydraulic, at Blochairn, 370. 

Gun-metal, 463, 487. 

Hadpield’s manganese steel, 130. 
Haematite, 133, 140. 

Hall-marking, 760. 

Hammer, German forge, 284. 

steam, 304. 

Hammered iron, 318. 

Hammer-scale, 136. 

Hammer, tilt and helve, 302. 

Hard-head, composition of, 482. 

Hardness of metals, 9. 

Hasenclever furnace, 723. 

Hassenfratz on steel-making, 356. 
Hasweirs hydraulic forging-press, 308. 
Hattchetine or mfhcral tallow, 148. 
Hawkins’s steel pro^fess, 325. 

Heat absorbed for work done in blast- 
furnaces, 270. 

pyrometric degree or intensity of, 

16. 

unit of, 17. 

waste, of puddling and re-heating 

furnaces, 323. 

Heath on manufacture of Wootz, 331. 
Heaton’s refinery process, 278. 

removal of silicon by, 279, 

analysis of material and pro- 
ducts of, 279. 

Hedyphane, 568. 

Helve-hammer, 302. 

Hepburn and Peterson’s pan, Washoe 
process, 710. 

Henderson’s process for the extraction 
of copper, 452. 

refinery process, 279. 

Hessite, 744. 

Hiendelaencina, silver mines of, 667. 
Hindoo process for manufacture of steel, 
331. 

History of metallurgy, 1. 

Hoists, furnace, at Ayrosome, 244, 246. 

at Newport, 241. 

Hoffmann coke-oven, essential features 
of, 90. 

air regenerators of, 92. 

circulation of the air and of 

the gases of the charge, 92. 

daily yield of gas, 93. 

yield of ammonium sulphate, 

&c., 94. 
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Hoff’s, V. modification of the cup and 
cone, 237. 

Holley, A, L., improvement of Bessemer 
converter by, 354. 

Hollow fire, 288. 

Homogeneous metal, 832. 

Homo de Gran Tiro or Pavo, 627. 
Hot-blast, history of, 224. 

stove, common, 225. 

circular, 226. 

pistol-pipe, 226. 

at Neustadt, 228. 

Cowper’s, 229. 

Whitwell’s, 232. 

temperature of, 224. 

and economy of fuel, 272. 

Hot process of amalgamation, 692. 

the cazo, 692. 

at Catorce, 693. 

Howell and White’s furnace, 722. 
Humboldtite, 204. 

Hungarian mill, 787. 

Huttner and Scott’s furnace, 553. 
Hydraulic forging-presses, 308. 

mining, 768. 

water required for, 7 68. 

work accomplished by, 769. 

comparative cost, 769. 

use of gunpowder in, 770. 

statistics of, 771. 

Hydrochloric-acid process for copper ex- 
traction, 450. 

Hydrogen, calorific power of, 20. 

combustion of, 16. 

HyjM>suli>hite exti action })rocesses, 733, 
737. 

Idkia, mercury ores at, 539. 

method of assaying, 542. 

treatment of mercurial ores at, old 

process, 545. 

continuous process, 547. 

improved continuous fur- 
nace, 548. 

roasting in reverberatory 

furnace, 556. 

Ilmenite, 133. 

used as fettling, 292. 

Inquartation, 756. 

Iridium, alloys of platinum and, 816. 

separation of, from platinum, 814. 

Iron, alloys of, 130. 

amorphous, 377. 

ancients on, 7. 

3 G 
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Iron and carbon, 124, 126. 

and chromium, &c., 130. 

and hydrogen, 1‘20. 

and manganese, 129. 

and nitrogen, 129. 

and oxygen, 122. 

and phosphorus, 128. 

and silicon, 127. 

and steel, analysis of, 373. 

analysis of, Eggerta’s pro- 
cess, 377. 

foreign metals in, 377. 

and sulphur, 124. 

and titanium, 130. 

and vanadium, 130. 

cold-short, 823. 

crystalline form of, 120. 

electrical relations of, 121. 

glazy or glazed, 127. 

— ferrous and ferric oxides, 122. 

grey, white, and mottled, 253. 

magnetic oxide of, 123. 

indirect method of obtaining, 183. 

manufactured, production of, 373. 

merchant, working puddled bar 

into, 314. 

labour bestowed on manu- 
facture of, 317. 

native, 131. 

optical characters of, 121. 

ore, Bilbao, analyses of, 143. 

black sands, 140. 

bog, 134. 

analyses of, 146. 

Bohnerz, 146. 

brown, 134. 

older, 142, 

from the oolite, &c., 143. 

clay ironstones, 148. 

distribution of, 149, 

franklinite, 132. 

gothite, 134. 

hajmatite, 183, 140. 

ilmemte, 133. 

kidney, 133. 

lake ore, 146. 

analysis of, 146. 

limonite, 134. 

magnetic, 132, 137. 

martite, 133. 

minette, 146. 

purple ore or blue billj', 136. 

red, 140. 

— ftiderite, 135, 


Iron ore, siderite, distribution of, 147. 

spathic, distribution of, 147. 

tap and flue cinders and scale, 

136. 

titaniferous, 133, 140. 

turgite, 134. 

Iron ores, 131. 

aluminous, 162. 

analysis of, 164. 

estimation of water, 164. 

attack by hydrochloric acid, 

164. 

estimation of sulphur, 166. 

of phosphoric anhydride, 

166. 

of carbonic anhydride, 

166. 

determination of manganese, 

166. 

estimation of titanic oxide, 167. 

of insoluble residue, 167. 

assay of, dry, 154, 

fluxes required for, 157. 

crucibles used for, 158. 

fluxes in (rerman iron- 
works, 158. 

• preparation of the assay, 
158. 

fusion of the assay, 159. 

conclusions from colour 

of slag, 159. 

Swedish process, 160, 

wet, 160. 

by Margudrite’s j)roce8S, 

161. 

by Penny’s process, 161. 

preparation of standard 

BolutioDB, ICl. 

solution (»f the ore, 162. 

determination of the 

iron, 162. 

Berthier’s process for the deter- 
mination of volatile matter in, 156. 
of earthy carbonates in, 

156. 

of insoluble matter in, 

157. 

blackband ironstone, 149. 

Cleveland, 161. 

distribution of, 136. 

manganiferous, 162. 

— preparation of, 184. 

production of, and imports, 153. 

roasting or calcination of, 187. 
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Iron ores, roasting in open heaps, 188. 

at Konigshiitte, 188. 

in Westphalia, 188, 189. 

in S. Wales and Stafford- 
shire, 189. 

between walls, 189. 

in furnaces or kilns, 190. 

smelting of, 249. 

tertiary and post- tertiary, 145. 

washing, 184. 

weathering of, 186. 

Iron plates and sheets, 822. 

production of manufactured, 373. 

pure, preparation of, 119, 120. 

pyrites, 124. 

red-short, 323. 

rust oxide, 123. 

specific gravity of, 120. 

tenacity off 120. 

thermal relations of, 121. 

tin plate, 287. 

Jalpaite, 663. 

Jameson coke-oven, 94. 

conversion of ordinary beehive 

oven into, 94. 

yield of tar, &c., 94. 

Joachimsthal, process for extraction of 
bismuth at, 561. 

von Patera’s process at, 733. 

Jones’s method of compressing steel 
ingots, 365. 

Jordan on the heat developed in the 
Bessemer process, 3 48. 

Jungfernblei, 601. 

Kampylite, 568. 

Keith’s electrolytic lead-refining, 656. 
Kermesite, 489. 

Kernel-roasting, 449. 

Kiln-hoist at Ayresome, 246. 

Kilns, charring in, 59. 

Kongsberg, smelting native silver at, 
682. 

Kroncke’s process of amalgamation, 719. 
Krupp, casting of steel, 329. 

dephosphorizing refinery process, 

280. 

Krupp’s steam-hammer, 306. 

method of compressing steel ingots, 

365. 

Kupfergaarherd, 441. 

slags from, 442. 


Kupfemickel, 886. 

Kupferschiefer, 431. 

burnt, analyses of, 434. 

Lake ore, 146. 

Lamy’s pyrometer, 24. 

Langen’s apparatus for collecting waste 
gases, 237. 

modification used at Horde, 

237. 

Latten, 464. 

Laveissi^ire’s modification of Pattinson 
process, 639. 

Lead, ancient use of, 3. 

chloride of, 566. 

coppery,- liquation of at Freiberg 

and Przibram, 634. 

desilverization of, by cupellation, 

647. 

in English refinery, 647. 

in German refinery, 651. 

loss of lead, 650, 653. 

fume, 657. 

flues for collecting, 657. 

condition of lead in, 657. 

silver in, 658. 

hard, 634, 655. 

improving or softening, 632. 

metallurgy of, 588. 

native, 565. 

ores, 565. 

assay of, 575. 

at the Ecole des Mines, 

580. 

in iron pots, 581. 

distribution of, 569. 

in Austria, 571. 

in France, 674. 

in Germany, 571. 

in Italy, 574. 

in Spain, 572. 

in the United Elingdom, 570. 

in the United States, 674. 

silver in, estimation of, 683. 

silver in, per ton, table for 

calculating, 587. 

oxide of, 665. 

oxidized refinery products, treat- 
ment of, 655. 

Parkes* process for desilverization 

of, by zinc, 641. 

Pattinson’s process for desilveriza- 

tion of, 634. 

modifications of, 638. 
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Lead, Pattioeon’s proceas, cryatalliaiog by 
steam at PnEibraio, 640, 

properties of, 564, 

pure, preparation of, 565. 

purity of commerciai, 564. 

separation of silver from, 684. 

softening and desilverizing pro- 

eesses, 632. 

softening of, at Pontgiband, 633, 

Lead-refining, electrolytic, 656. 
Lead-smelting, 5SS. 

at CTiausthal, 607. 

at Couorou, .'iOl. 

treatment of siliceous lead 

ores, 616. 

at Lead\ille, 623. 

at Pontgiband, 611. 

Bleiberg proce>«, 600. 

— Cornish process, ,*>96. 

Flintshire proce#-, ,*>^9. 

in blast-funiaces, 6* >3. 

in reverberatory furnaces, 5S9. 

^ith metallic iron, 602. 

— in shallow hearths, 62S. 

in the American hearth, 632. 

in the backwoods hearth, 628. 

in the Castilian furnace, 605. 

in the flowing furnace, 597. 

iu the Homo de Gran Tiro or Pavo, 

627. 

in the ore-hearth or Scotch furnace, 

62S. 

in the Spanish furnace or bohche, 

598. 

roasting of ores, and Mibse(|uent 

smelting with metallic iron, 611. 

slag-hearth, 603. 

Spanish, 605. 

smelting raw ores with inetillic 

iron, 607. 

L<*adville, lead-smelting at, 623. 

ores treated at, 623. 

fuel and fluxes, 623. 

— circular or Pilz furnace, 624. 

rectangular furnace, 624. 

water-jackets of, 624, 

blowing-in furnace, 626, 

charging furnace, 627. 

- — consumption of fuel, kc., 627. 

Lift at Newport Iron-works, 241. 

water-balance, 243. 

Lifts or hoists, 241. 

Lignite or brown coal, 40. 

ash, composition of, 42. 


Lignite or brown coal, composition of, 4L 

occurrence of, 40, 

Lime as a flux in blast-furnaces, 199. 

as a refractory material, 110. 

— ~ decomposition of mercurial ores 
by, 556. 

Limestone as a flux iu Usat-fumaoes, 198. 
Limonite, 125, 134. 

Linares, l)oliches, or Sj^anUh furnaces at, 
599. 

Liuarite, 56$. 

Liquation in the Mansfeld district, 442. 

of coppery lead at Freiberg and 

Przibraui, 634. 

of suljihtdc of antimony, 492. 

of tin, ISl. 

Liqiution-furnace, biMiiulh, .560. 
Liquation-hearth, 443. 

Litharge, 5S3. 

as 'lay of silver ores by fusion with, 

668 . 

determination i»f calorific power by, 

23. 

reduction of, from refinery, 655, 

656. 

Laueliy, desilvenzatioii of lead by zinc 
at, 641. 

Llansamlet, Silesian zinc furnace at, 521. 
Lofsta iron, 328. 

Lolliugite, 498. 

Longmaid’s ]>roce8Se8 of copper-extrac- 
tion, 451, 453. 

Lf>rraine stove, 229. 

Lucca’s patent for cementation of cast- 
iron, 370. 

for manufacture of steel, 325. 

Luce and Kozan’s modificatiou of Pattui- 
son’s process, 640. 

Lustre of metals, 9. 

Maqisthal, 687. 

Magnesia as a refractory material, 110. 

methods of obtaining, 364. 

Magnesium, Deville and Caron’s process 
for obtaining, 532. 

Qratzol’s method of obtaining, 534. 

impurities in, removal of, 534. 

metallurgy of, 532. 

minerals containing, 532. 

pro|)erties of, 532. 

Magnetic iron ore, 132. 

distribution of, 137. 

British, 139. 

foreign, 138. 
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Magnetic pyrites, 124. 

Malachite, 895. 

Malayan Peninsula, tin-smelting in, 484. 
Maldonite, 745. 

Malleability of metals, 10. 

Malleable iron, carbon in, 126. 

direct preparation of, 168. 

in Borneo, 170. 

in Burma, 169. 

in India, 169. 

in Blair's process, 181. 

in Chenot’s process, 180. 

in Clay's process, 179. 

in native forges, 169. 

in Siemens’s process, 181. 

in American bloomer}% 175. 

in the Brazilian process, 177. 

in the Catalan forge, 171. 

in thf Corsican process, 176. 

in the ftalian forge, 178. 

in the Stuckofen, 178. 

preparation of, by the reverberatory 

process, 288. 

from cast-iron in open fires, 

280. 

Manganese and iron, 129. 

in iron and steel, estimation of, 374. 

Manganese-bronze, 464. 

Manganiferous iron ores, 152. 

pig-metal, 254, 257. 

Manh6s process of copper-smelting, 444. 

failure of early attempts, 445. 

plant for, at Eguilles, 446. 

ores treated at Eguilles, 446. 

composition of copper obtained, 

447. 

compared with AVelsh process, 447. 

operations now obtaining, 448. 

recent form of converter, 448. 

Mannheim gold, 463. 

Mansfeld, composition of copper mattes 
in, 728. 

copper mines of, 431. 

treatment of copper schists, 432. 

comi>ofeition of kiipferschiefer, 432. 

fuel employed, 432. 

burning the schist, 433. 

smelting for production of rohstein, 

434. 

blast-furnaces used, 434, 436. 

- - roasting coarse metal, 488. 

melting for fine metal, 439. 

grinding fine metal, 439. 

roasting ground fine metal, 439. 
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Mansfeld, dissolving out sulphate of silver 
Ac., 440. 

refining desilverized residues, 440. 

treatment of slags, 441. 

production of copper silver in 1884, 

441. 

obsolete processes, 441. 

liquation at, 442. 

Augustin’s process at, 724. 

Ziervogel's process at, 727. 

Marcasite, 124. 

Marchese process for treating copper 
mattes, 462. 

Marguerite’s process for estimating iron, 
161. 

Marquette, charcoal blast-furnaces at, 
260. 

Martite, 133. 

Massick & Crooke’s fire-brick stoves, 233. 
Massicot, 565. 

M‘Cone, Horn, and Fountain’s pans, 711. 
Melaconite, 391. 

Melanochroite, 569. 

Melilite, 204. 

Melting-shop, steel, 329. 

Mendipite, 566. 

Menelaus on mechanical puddling, 298. 
Merchant-iron, coal consumed in making, 
317. 

qualities of, 317. 

working puddled- bar into, 314. 

Mercury, ancient use of, 3. 

alloys of, 536. 

commercial, 535. 

purification of, by distilla- 
tion, 535. 

by nitric acid, 535. 

extraction of, from cinnabar, 543. 

principal methods of, 543. 

condensers, 544. 

roasting in mounds, 544. 

roasting in kilns, 545. 

at Idria, 545. 

at Almaden, 548. 

at New Almaden, 549. 

— in reverberatory furnaces, 556. 

metallurgy of, 543. 

ores, 536. 

assay of, 540. 

decomposition of, by lime, 556. 

distribution of, 537. 

production of, 540. 

properties of, 534. 

uses of, 536. 
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Metacinnabar, 537. 

Meteorites, 131. 

composition of, 182. 

Mexican process of amalgamation, 683. 
Meyer on occlusion of gases in coal, 49. 
Michigan, charcoal blast-furnaces in, 261. 
Iblill and forge, distinction between, 302. 
Miller’s process for refining gold, 806. 

generation of chlorine, 807. 

— separation of gold from silver chlo- 
ride, 808. 

results afforded by, 808. 

fineness of gold find silver obtained, 

809. 

Millerite, 148, 386. 

Mill-piles, 313. 

Mill-rolls, 311, 318. 

roughing and finishing, 318. 

Mill, slitting, 323. 

Mimetesite, 568. 

Minette, 145. 

Mine-pig, 128. 

Mispickei, 382. 

Mitis-metal, 371. 

Montana, refractory ores in, 722. 
Montefiore on fusion of nickel, 389. 

Morro Velho mines, 792. 

Mosaic gold, 463. 

Moser’s gas calcining-kiln, 197. 

Mottled pig-iron, 254. 

Muntz’s metal, 4C7. 

Mufile, 584. 

Miisen, coke-furnaces of, 262. 

Mushet on the charcoal yield of wood, 
63. 

^lushet’s steel, 325, 332. 

Naotagite, 744. 

Xative antimony, 488. 

bismuth, 558. 

copper, 390. 

gold, 743. 

iron, 131. 

— — lead, 565. 

mercury, 536. 

platinum, 810. 

silver, 659. 

zinc, 501. 

Nail -rods, slitting of, 323. 

Needle ore, 559. 

Nenstadt, gas puddling-ftimace at, 295. 

hot-blast stove at, 228. 

New Almaden, extraction of mercury at, 
549. 


I New Almaden, classes of ore treated, 549. 

intermittent furnace, 650. 

continuous coarse ore fur- 
naces, 550. 

charging apparatus, 552. 

I method of working, 653. 

i continuous fine ore furnace, 

I 553. 

method of working, 655, 

yield of mercury at, 540. 

Newark, sjuegeleisen made at, 268. 
Newport, lift at, 241. 

blast-furnaces at, 263. 

Newton’s patent for making steel, 325. 
Nickel, 385. 

and cobalt, estimation of, 382. 

fusion of, 389. 

metallurgy of, 387. 

ores of, 386. 

oxide, reduction 'of, 388. 

Nitrogen and iron, 129. 

in coal, 39. 

in steel, 324. 

North of England, blowing-engines in, 222. 

coke-ovens in, 77. 

Northamjitonshire, blast-furnaces in, 266. 
Noumeite, 380. 

Onrcnow’s steel process, 357. 

Occlu-^ion of gases in coal, 48. 

Ochres and umbers, 135. 

Oersted’s method of preparing aluminium, 
529. 

Oker, extraction of silver and gold from 
copper at, 801. 

parting of gold from silver at, 804. 

Oldbury, blast-furuace at, 210 
Oldhamite, 131. 

Oligiste, 123, 133. 

Olivine, 204. 

Ollaria, 5. 

Ouofrite, 637. 

Oolites, brown iron ores of, 144. 

Opacity of metals, 9. 

Open fires, production of steel in, 333. 
Open-hearth and Bessemer processes com- 
bined, 366. 

basic, steel process, 860, 

or Biemeus-Martin steel process, 

357. 

newer forms of, 358. 

Pernot’s furnace, 869. 

Batho’s furnace, 360. 

F. Siemens’s modification, 860. 
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Ore-furnace slag, 421. 

Ore-heartb, lead-smelting in, 628. 

Ores of antimony, 488. 

of bismuth, 558. 

of cobalt, 381. 

of copper, 390. 

of iron, 131. 

of lead, 565. 

of mercury, 536. 

of nickel, 386. 

of silver, 659. 

of tin, 469. 

of zinc, 500. 

Orichalcum, 6. 

Ormesby, blast-furnaces at, 263. 
Osmiridium, casting into plates, 817. 

separation of platinum from, 815. 

uses of, 816, 817. 

Osmium, separaMon of platinum from, 
815. • 

Osmund iron, 179. 

Otto coke-oven, 90. 

Ovens, coke, 7 4. 

Over-poled copper, 426. 

Oxland and llocking’s calciner, 475. 
Oxland’s process for separation of tung- 
sten from tin ores, 479. 

Packfong, 463. 

Pacos, 660, 663, 667. 

Palatinate, gallery of, 556. 

Palladium, separation of platinum from, 
814. 

Pan amalgamation and concentration 
combined, 796. 

Pan, gold-washing in, 762. 

Pans, Washoe amalgamation process, 706. 
Varney’s, 707. 

- - Hepburn and Peterson’s, 710. 

- - M‘Cone, Horn, and Fountain’s, 711. 

- - charging of, 711. 

- - heating, 711. 

• addition of mercury, 711. 

use of chemicals, 712. 

Berdan’s, 787. 

Parkes’s process for desilverization of 
lead, 641. 

at Llanelly, 641. 

modifications of, 642. 

proportion of zinc required, 

613. 

dezincification of the lead, 643. 

Flach’s improvements on, 644. 

Corduri^’s modification of, 64 5. 
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Parkes’s process, treatment of oxides pro- 
duced, 645. 

in the United States, 645. 

Balbach’s modification of, 646. 

Parting of gold from silver by sulphuric 
acid, 803. 

by nitric acid, 804. 

double process of, 804. 

in Germany, 805. 

of silver from gold, 756. 

Parry’s refinery process, 277. 

analyses of metal and slag, 278. 

Patera’s, v., process for silver extrac- 
tion, 733. 

roasting, 733. 

lixiviation with water, 734. 

vrith sodium hyposul- 
phite, 734, 737. 

time occupied in lixiviation, 

735. 

precipitation of silver, 735. 

preparation of the precipitants, 

735. 

silver obtained by, 736. 

cost of, &c., 736. 

treatment of silver sulphide, 

736. 

residues, 737. 

Patio process for extraction of silver, 
683. 

rough stamping, 684. 

fine gi’iuding, 685. 

at Guanaxuato, 685. 

at Zacatecas, 686. 

yield of gold by, 686. 

the patio, 686. 

magistral and mercury added, 

687. 

assay or tentadura, 688. 

treading of the torta, 689. 

washing, 689. 

filtration of amalgam, 690. 

retorting of amalgam, 691. 

results obtained by, 691. 

chemical reactions of, 692. 

Patrinite, 559. 

Pattinson’s process for desilverizing lead, 
634. 

method of thirds, 636. 

at Pontgibaud, 636. 

by manual labour, 637. 

by use of cranes, 637. 

method by eighths, 638. 

modifications of, 638. 
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Pattittion** iiroetM, 

m 

crjatalliaing bj ttouii, (UO. 

Pauwela Aud Duboobet*< ooka-OTen, 81. 
Pa«t and tarf, 34. 

lifth of, 35, 88. 

charcoal yielded by, 65, 

ebarring of, at Cn>uy*»ur*Oum|, 66. 

by aupeibeated steam, 67. 

in heaps, 65. 

in oTens, 66. 

compressed, 68. 

cutting of, 84. 

dredging of, 35. 

elementary compositittn of dry, G5. 

obstacles to the use of, 36. 

occurrence of copper in, 38. 

of iron pyrites in, 38. 

of orirauic salts of calciuui in, 

37. 

origin of, 34. 

processes for improrement of, 36. 

water in air-dried, 37. 

Peat-charcoal or peat-c«>ke, 64, 6^. 
Penn«»ylvauia, bList-fumaces in, 266, 
268. 

Penny’s proce*?8 fur t-ftiiinaiing iron, 161. 
Pentlandite, 386, 

Perak, tin furnace at, ib4, 485. 
Pemolet’a coke-oven, 83. 

chief featutes of, 83 

pnxluctfi obtained by, 83 

charge of, 66. 

condenser applied to, 86. 

washerf<, 87. 

treatment of impure coal in, 

88 . 

Pemot’s op<*n-hearth furnace fur st* el- 
making, iS.’}9, 

working of a charge in, 360. 

newer forms of, 360. 

Pestarena mines, 747, 772. 

arrastra amalgamation at, 792. 

character of deposits at, 792, 796. 

Franefort ludl at, 793. 

results obtained at, 796. 

Petzite, 744. 

Pewter, 487. 

Phosphor-bronze, 464. 

Phosphorus and iron, 128. 

in the Bessemer converter, 349. 

in basic Bessemer cinder, 354, 

in iron and steel, estimation of, 

375. 


Pbotphnnui in ptg«i»eta], 256, 

temofil of, irm pig-iron^ 276. 

Pig-bed, 2S2. 

Pig-boiliog, 288. 

Pig-Iron, grey, 258, 254, 257. 

oompocition of, 257. 

fuel required for different kinds of, 

272. 

- ~ production of, 373, 

- - removal of phosphorus from, 279. 

- manganiferous, 254, 257. 

phosphorus, 256. 

silieiferout, 255. 
strength of British, 256, 

• - stnmg aud weak-uioiUetl, 254. 

- Thomas, 256. 

— varieties of, 253. 

- - ~ white, 253, 254. 

Piles ill re-heating fiirnrcc, 316. 

f*»r pUtcH and skvets, 322. 

— — for rads, 317. 

Pilz funiare, 62 1 
Pimple-meta), 424. 
l*iijchl>eck, 463. 

P.s»»litic iron 4>re, 1.’..5, 

Pistol pii>e 226. 

Placer-mining, 762. 

Placers, deep aud shalb'w, 750. 

PI deg and sheets, dibtmctiuu between, 
322. 

- piles for, 322. 

rulling <»f, 320. 

compound, manufacture of, 370. 

Idatiuum, alloys of, 816. 

— analyses of, 811. 
distribution of, SIO. 

estimatnui of, 812. 

metallurgy of, si 3. 

— native, impurities of, 811. 

- occurrence of, 811. 

- production of, 812. 
properties of, 809. 

- uses of, 815. 

Platinum-black, 810. 

Plattner’s process for extraction of gold, 
798. 

Pliny on ancient metallurgy, 1-8. 
Plutnbo-resinit(», 569. 

Plumbum candidum and nigrum, 4. 
Plymouth Ironworks, blast-fiimaco at, 
205. 

Poling, 425, 481. 

Polybasite, 661. 

Polyxene elements, 811. 
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PoiiMurd'i gAs re-heatiog farnaoe, 318. 
Pontgibaud, lead-smelting at, 611. 

— calcining and fluxing, 611. 

lit de grillage, 611. 

reverberatory fumaceg, 612. 

smelting, 612. 

lits de fusion, 612. 

losses of lead and silver, 614, 616. 

treatment of fume, 614. 

lead and silver produced at, 616. 

water-jacket furnaces at, 616. 

Potassium cyanide, assay of copper ores 
by, 410. 

Potassium, preparation of, 527/ 
Precipitation of copper by zinc or iron, 
409. 

Precipitation of metals from solutions, 

10 . 

Price and Nicbdlson's steel process, 357. 
Prillons of tin, 482. 

Prince’s metal, 463. 

Printers* blue, 385. 

type, metal for, 14, 487. 

Proustite, 662. 

Pryce on tin-smelting, 483. 

Przibram, dcsilverization of lead at, 640. 
Puddled bar, 312. 

working of, into mercbant-iron, 314. 

Puddled iron, yield of, 314. 

Puddled steel, 335. 

— — in)U most suitable for, 336. 

furnace used for manufacture of, 

336. 

•“ fluxes used in manufacture of, 336. 

action of highly oxidizing slags 

upon, 336. 

stirring of, 337. 

deductions fiom appearance of 

charge, 337. 

balling and shingling of, 337. 

time occupied in working a heat, 

337. 

treatment of balls, 338. 

loss of iron, 338. 

Puddling of iron, 288. 

fuel used for, 288. 

reactions of, 288. 

>vet, 288. 

operations included in, 292. 

method of operating, 292. 

melting the charge, 293. 

- — mixing the iron and slag, 293. 

elimination of the carbon, 293. 

balling, 294. 


Puddling of iron, dry, 288, 294. 

of steel, consumption of fuel in, 

888 . 

Puddling-furnace, 288. 

lining of, 291. 

charge of, 294. 

coal consumed in, 294. 

rotative. Tooth’s, 297. 

Menelaus’s, 298. 

Danks’s, 298. 

Spencer’s, 801. 

Puddling-furnaces, gas, 295. 

at Neustadt, 295. 

in Garmthia, 295. 

Siemens’s regenerative gas- 

furnace, 297. 

Puddling-rolls, 311. 

Puddling-train, 311. 

Pulverizers, 772. 

Purple ore, 136, 292, 458. 

Pyrargyrite, 662. 

Pyrometer, Bystroin’s, 22. 

Lamy’s, 24. 

Schinz’s, 24. 

Siemens’s electric, 24. 

Pyrometric alloys, Prinsep’s, 816. 
Pyrometric degree of heat, 16. 
l^yromorphite, 568. 

Pyrrhotine, 124. 

Queensland gold stamping- mill, 785. 
Quicksilver, native, 536. 

Kabblks, puddlinpr, 293. 

mechanical, 297. 

Rail-piles, 317. 

Rails, manufacture of, 367. 

removal of rough ends from, 314. 

Rammelsbergite, 386. 

Ramsbottom’s cogging-mill, 319. 

Raw steel, 333. 

Reaumur on manufacture of steel, 325 
366. 

Rectangular furnace, Leadville, 625. 

Red iron ores, analysis of, 142. 

distribution of, 140. 

Redruthite, 391. 

Red-short iron, 130, 323. 

Refinery at Dowlais, 273. 

melting-down, 275. 

charge worked in, 276. 

action of slag in, 276. 

time occupied in working 

charge, 276. 
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nituDiDg-in» 276. 
bUit required for^ 277. 

— weekly produotioii of, 277. 

fluxee used in, 277. 

Eck's, 277, 

Refiueiy-prooeM, in CirinUiU, 277. 

HeetoaX 272. 

<— HendereonX 279. 

PanyX 277. 

Befineiy-prooeesei^ dephoepbormni^ 279* 
Kefinery-BUg copper, 425. 

Hefiniug of copper bj electrolysX 459. 

^ of gold by clilorine gts, 806. 

of iron, 273. 

by the ozidAtion of thin 

pistes, 273. 

iu open fires, 281. 

of silver, in Kuglish refinery, 647. 

in Qenaau refinery, 651. 

Ilefractory msterisLi for furnaces and 
crucibles, 103. 

** Dinas cUy ” and gsnister, 

115. 

fire-clays, 109. 

British, composition of, 

111 . 

foreign, compositiou of, 

112 . 

j>lastic properly of, 110. 

fire-stoneH, 108. 

lime, magnesia, &c., 110. 

siliceous sand, 109. 

testing fusibility of, 117. 

gold and silver ores, 664. 

Regenerative furnace, 102. 

economy of fuel in, 103. 

accumulation of heat in, 103. 

brickwoik required for, 104. 

p. .Siemens ou reverberatory 

chamber of, 107. 

Siemens's, 93. 

Regulare, 5. 

Kegule copfier, 428. 

Re-heating furnace, description of, 105, 

315. 

time occupied in working heats, 

316. 

weight of piles for, 317. 

Re-heating furnaces, gas, 818. 
Keichenstein, preparation of arsenic at, 
498. 

Retorting of auriferous amalgam, 781. 

of amalgam, Washoe process, 715, 

716. 


Reverberatory proeese for preparing 
malleable Iron, 286. 

Rheotah Prussia, blowiiif*engiiiesin,223. 
Riffles, 763, 765, 776, 784, 786. 

Riley on bomogeneity in steel, 866. 
Riniiian*s green, 385. 

Hio Tinto, 398, 100, 449, 741. 
Roaster*slag, 424. 

Rosating*fumaoe for burnt oupreous 
pyrites, 455. 

R4^ting-kiln at Altenberg, 193. 

Dowlais, 193. 

in styria, 191. 

A of Gjers, in Cleveland, 195. 

Rogers on manufacture of charcoal and 
coke, 74. 

Rolling- millii, 319. 

— three-high train, 319. 

size and speed of, 320. 

lUmsbottomX 319. 

Wagner’s, 319. 

for plates and sheets, 320, 

Rolls, crushing, I’^.'i. 

mill, 313. 

puddling, 311. 

Holi -scale, 136. 

Rosette copjH*r, 441. 

toughening of. 442. 

Rotative puddling fuimicos, 297. 

Rouge, 123. 

Kumiord's calorimeter, IS. 

table of calorific powers of wo«hIs, 

21 . 

Run -steel, 371. 

UusMdlV proces-i for silver extraction, 737. 
Rust, 123. 

St. HklenX copper-smelting at, 429. 

St, John d’el R-^y, amalgamation at, 788. 

mines, 752, 773. 

San Domingos, 398, 400, 449, 453, 454* 
Sauderz, 432. 

Scale-oxide, 124. 

Schei bier’s method of obtaining magnesia, 
364. 

ScUemnitz, Hungarian mill at, 787. 
Schinz’s pyrometer, 24. 

Scblicb, 545. 

Bchnaliel on oxides produced iu P.irkes's 
process, 645. 

Sclmeeberg, extraction of bismuth at, 
560. 

Bebreibersite, 131. 

ScorifioatioD, 669. 
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SeoUaiid, coal in blaat«furuac6s m, 266, 
Soottiih ore-heartb, 628. 

SanArmontite, 48d. 

SepAmton, Waaboa process, 712. 

Settling tanksi Washoe process, 706. 
Shsking Apparatus for siker assay, 679. 
Sbaip-sla^ 429. 

Shears, 818. 

guillotine, 814. 

Shear*steel, 827. 

SideHte, 135, 147. 

Siegen district, steehmaking in, 335. 
Siemens, F., on open-hearth furnace, 360 

on regenerative furnace, 107, 

Siemens-Martin process for making steel, 
357. 

Siemens’s electric pyrometer, 24. 

- - - gas-producer, 98. 

— - — ^fuel uaed in, 98. 

reactionfin, 100. 

tenii)erature of gases, 100. 

ore process for decarburizing 

pig-iron, 371. 

process for direct redaction of iron 

ores, 181. 

... description of apparatus, 182. 

working of apparatus, 182. 

— regenerative furnace, 98. 

puddling in, 297 . 

Silesian process for extraction of zinc, 
520. 

description of furnace, 521. 

manufacture of retorts, 522. 

starting new furnace, 523. 

ores treated by, 523. 

charging the retorts, 524. 

ore treated at Llansamlet, 524. 

duration of furnace, 524. 

re-melting the zinc, 624. 

gas-furnaces introduced, 525. 

Silicate cotton, 204. 

Silicates of blast-furnace slags, 200. 
Siliciferous ]>ig-iron, 255. 

Silicite, 127, 256. 

Silicon and iron, 127. 

in steel castings, 366. 

estimation of, in iron and steel, 374, 

379. 

in Bessemer process, 348. 

Silver amalgam, native, 660. 

ancients on, 1, 4. 

- bullion, lire assay of, 671. 

volumetric assay of, 674. 

— — chloride of, 663. 


Silver, estimation oi^ in lead ores, 588. 

by oapeBatioD, 588. 

in galena, average amount of, 566. 

extraction of, by a m al g a ra a ti on, 688. 

Mexican or patio process, 688. 

stove amalgamation, 692. 

hot process of amalgamation, 

692. 

barrel amalgamation, 694. 

Washoe process, 699. 

Stetefeldt furnace, 719. 

in Montana, 722. 

extraction of, by the wet way, 724. 

by Augustin’s process, 724. 

by Claudet’s process, 738. 

in Colorado, 732. 

by Russell’s process, 737. 

1 - by V. Patera’s process, 733. 

by Ziervogel’s process, 727. 

extraction of, from copper at Mans- 

feld, 442. 

at Oker, 801. 

from lead iu Euglish refinery, 

647. 

i in German refinery, 651. 

Pdttiusou’s process, 634. 

modifications of, 688. 

choice of methods, 681. 

iodide of, 663. 

metallurgy of, 681. 

native, 659. 

smelting, 682. 

ore, brittle, 661. 

ruby, 662. 

ores, 659. 

assay of, 668. 

by fusion with litharge, 

668. 

by fusion with nitre, 

669. 

by Bcorification, 669. 

classification of, 663, 664. 

distribution of, 664. 

smelting, 682. 

yield of silver, 587, 664, 681. 

parting of gold from, 803. 

plate of, obtained by cupellatiou, 

650. 

production of, in Austria-Hungary, 

665. 

in France, 665. 

in the German Empire, 665. 

in Italy, 665. 

in North America, 666. 
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Silrcr, production of, in Norway and 
Sweden, 664. 

in Russia, 665. 

in South America, 667, 668. 

in Spain, 665. 

in the United Kingdom, 664. 

in the world, 663. 

properties of, 658. 

sterling or standard, 672. 

volatility of, 5S6. 

yield of, table for calculating assays, 

587. 

Siraon-Carv^ coke-oven, 89. 

Single-shear steel, 329. 

Slag-hearth, 603. 

men employed in woiking, 604. 

use of tap-cinder in, 605. 

Spanish, 605. 

Slag wool, 204. 

Slags, blast-furnace, 198. 

Slitting-mill, 323. 

Sluice for gold-washing, 764. 

riffles in, 765. 

use of mercury in, 766. 

amalgamated copper plates in, 766. 

cleaning-up, 767. 

- — treatment of amalgam from, 767. 

• ground, 768. 

Smalts, preparation of, 3S4. 

Smaltine, 381. 

Smithsonite, 502. 

SneluSy discovery of the principle of the 
basic Bessemer process by, 350. 
Soaking, proceaa of, in silver-smelting, 
683. 

So«iking-pit, Gjers*, 367. 

Sodium, Deviile’s process for obtaining, 
527. 

hyposulphite, copper assay by, 413. 

metallurgy of, 527. 

minerals containing, 526. 

properties of, 526. 

Solder, 463, 487. 

South Stafifonlshire, blast-furnaces of, 
262. 

Spanish lead furnace, 593. 

Spathic iron ore, 1 35. 

distribution of, 147. 

analysis of, 14S. 

Si>eci6c gravity of alloys, 14, 15. 

of charcoal, 63. 

of metals, 9. 

of wood, 31. 

heat of metals, 13. 


Specular iron ore, 140. 

Speiss or speise, 383, 387. 

Spelter, 605. 

analyses of, 499. 

Spencer’s revolving puddling machine, 
301. 

Sphccrosiderite, 135. 

Spiegeleisen, 129, 255, 257. 

composition of charges for, 261. 

blast-furnaces for, in New Jersey, 

268. 

use of, in Bessemer process, 344. 

Spinel, 204. 

Spitzkasten and Spitzlutte, 781. 
Sponge-iron for precipitating copper, 459 
Spring-steel, 327. 

Squeezers, 306. 

reciprocating, 307. 

rotary, 307. 

Winslow’s, 31 0.'^ 

Stamping, dry, 783. 

Stamping-mill, gold and silver, 773. 

arrangement of stampers, 774. 

general arrangement of, 775. 

deep and shallow stamping, 773, 789. 

Australian gold, 783. 

Queensland gold, 785. 

Washoe process, 701. 

rotatory motion, 704. 

weight of stain per*», 705, 

water recpiired, 705. 

dry-crushiug, 705. 

Stannum, 4. 

Star- or French -metal, 493. 
Steam-hammers, 304. 

single and double acting, 304. 

weight of, 004. 

small, 305. 

Condie’s, 305. 

at Woolwich Arsenal, 306. 

foundations for, 806. 

in France and Italy, 306. 

foundation for Krupp’s, 306. 

Steam-shears, 314. 

Steel, ancieut use of, 7. 

and iron, analysis of, 373. 

Kggertz’s processes for, 

377. 

foreign metals in, 377. 

Bessemer, analyses of, 349. 

carbon in, 348. 

classification of, in Austria, 

347. 


in Sweden, 847. 
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Steel, blister, 328. 

carbon in, 126. 

cast, crucible, 329. 

castings, 366. 

composition of, views on, 324. 

compressed, 365. 

hardening and tempering of, 371. 

homogeneity in, 866. 

ingots, Qjers’ soaking-pit for, 367. 

manipulation of, 367. 

manipulation of, at Blochairn, 

368. 

spongy structure of, 365. 

properties of, 324. 

puddled, 335. 

rails, manufacture of, 367. 

shear, 327. 

spring, 327. 

production ^f, 373. 

Steel-making, methods of, 324. 

by direct reduction of iron ores, 

324. 

by addition of carbon to malleable 

iron, 325. 

Hindoo process, 331. 

Chenot’s process, 332. 

Mushet’s steel, 332. 

by partial decarburization of cast- 

iron, 333. 

in open-hearths, 333. 

Bessemer’s process, 338. 

Uchatius’s process, 355. 

by fusion of a mixture of cast-iron 

and wrought-iron, 356. 

in England in 1812, 356. 

Obuchow’s process, 357. 

Attwood’s and Brown’s patents, 

357. 

Price and Nicholson’s process, 

357. 

open-hearth process, 357. 

basic open-hearth process, 360. 

Stephanite, 661, 666. 

Stetefeldt furnace for chloridizing silver 
ores, 719, 723. 

jireparatiou of the ore, 720. 

feeding apparatus for, 720. 

Stibium, 8. 

Stibuite, 488. 

Stockton, blast-furnace at, 210. 
Stone-breakers, 185, 772. 

Stove amalgamation, 692. 

Strakes, concentration by, 789. 
Stream'tin, 470. 


Stromeyerite, 663. 

Strong’s water-gas producer, 108. 
Stuckofen, 178. 

Karsten’s analysis of slag from, 179. 

in Finland, 179. 

development of, into blast-furnace, 

183. 

Styria, charcoal furnaces of, 258. 

Styrian gas calciiiing-kiln, 197. 

process for steel-making, 333. 

Sulphur Bank, CaL, deposition of cinna- 
bar at, 538. 

Sulphur, estimation of, Calvert on, 26. 

in iron and steel, 374. 

Eggertz’s process for, 

379. 

in coal, 39. 

Sweden, charcoal-burning in, 58. 

manufacture of iron in charcoal- 

hearth in, 287. 

Swedish charcoal blast-furnace, 214, 
259. 

gas-kiln, 197. 

iron and steel, Eggertz on carbon 

in, 378. 

Sylvanite, 744. 

Tailings, gold-mill, 780. 

Washoe process, 716. 

Tap-cinder, 291, 316. 

Tar, &c., collection of, from charcoal- 
kilns, 62. 

from coke-ovens, 81, 94. 

from waste gases, 240. 

from water-gas producer, 108. 

Stockholm, 59. 

Tellunde ores, 744. 

Tellurium, foliated, 744. 

graphic, 744. 

Tempering of steel, 372. 

Tenacity of metals, 11. 

Terre Noire, feiro-manganese furnace at, 
269. 

Test, preparation of, for refining, 647. 
Tetradymite, 659. 

Tetrahedrite, 393, 537, 663. 

Tharsis, 398, 400, 449. 

Thdnard’s blue, 384. 

Thomas and Gilchrist, Messrs., discovery 
of basic Bessemer process by, 350. 
Thomas on occlusion of gases in coal, 49. 
Thomas pig-iron, 256. 

Tile-copper, 428, 431. 

Tilt-hammer, 302. 
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Tin, alloys of, 4 SO, 

ancients on use of, 3. 

classification of, 483, 

metallurgy of, 480. 

ore (black tm), smelting, 480. 

reverberatory furnace, 4 SO. 

refining, 481. 

re-melting slags and residues, 

482. 

ores, 469. 

assay of, 472. 

distributum of, 470. 

occurrence of, 470. 

roasting of, 474. 

iji reverberatory fur- 
naces, 475. 

the Osland and Hocking 

calciner, 475. 

separation of tungsten, 

479. 

oxide of, 469. 

properties of, 467. 

pure, preparation of, 468. 

pyrites, 470. 

Tin-plates, iron for, 257. 

Tm-smelting in blast-furnaces in Corn- 
wall, 4 S3. 

in the Erzgebirge, 484. 

in the Malayan peninsula, 48 1. 

Titaniferous irou ore, 140. 

Titanium and iron, 1 30. 

Tom, gold-washing in the, 764. 

Torta, 686. 

Tooth^a mechanical puddling -furnace, 
297. 

Tossing of tin, 4 SI. 

Touch-needles, 761. 

Touchstone, 760. 

Tough-pitch c(^[»per, 426. 

Treibheerd, 651. 

TroUite, 124, 131. 

Trommel, 184. 

Trompe, 171. 

Troostite, 503. 

Tungsten, separation of, from tin ores, 
479. 

Tungstate of sodium, uses of, 480. 

Turf and peat, 34. 

Turgite, 134. 

Tuyer, Lurman's slag, 210. 

Tuyers, Lloyd’s spray, 209. 

number and arrangement of, 234. 

monkey, 209. 

size of, used in blowing-in, 250 


Tuyers, water, 208. 

Type, printers’, 487. 

Type-metal, 496. 

Tyrolese mill, 78 7. 

Twiste, copper extraction works at, 450. 

UcHATirs’a steel process, 355. 

Tuit of beat, 17. 

United Kingdom, production of iron in, 
373. 

United States, anthracite blast-furnaces 
in, 266. 

charcoal -kilns in, 59. 

production of gold in, 751. 

of iron in, 373. 

of silver in, 666. 

Ural, ancient mines of, 2. 

Val Tovpa mines, 792f 796. 

Valentinite, 489. * 

Vanadium and iron, 130. 

Vanner, Frue, 781. 

Varney’s pan, Washoe process, 707 

oj)eratiou of, 709. 

Vampiehnite, 569. 

Viguoles's patent for charring peat, 67 
VitriolizatioD, 125. 

Vitriolizing, separation of gold and silver 
from copper by, 801. 

Volatility of metals, 1 4. 

Voltzite, 501. 

Wagner’s rolling-mill, 319. 

Walker’s converter, 352. 

Walloon forge, 281. 

— charge for, 283. 

method of operating, 283. 

treatment of slags from, 284 

— - liammer and anvil employed, 

284 . 

hammering the bloom, 285. 

tilt-hammer, 285. 

weight of bloom from, 286. 

Wa^hf^e process of amalgamation, 699. 

classification of ores for, 700. 

breaking of ores for, 700. 

stamping-mill, 701. 

— settling-tanks, 706. 

collection of slimes, 706. 

pans, 706. 

— — separators, 712. 

— agitators, 714. 

retorting and melting, 715. 

tailings, 716. 



INDEX. 


847 


loe process, results obtained by, 717. 

chemical relations, 717. 

arrangement of works, 718. 

Boss’s tystem, 718. 

'asserlaiigerei, 727. 
fWaste gases, utilization of, 234. 

first attempts at, 234, 

Budd’s improvement, 234. 

inflammable, utilization of, 96, 235. 

collection of, in Sweden, 235. 

at Darlaston, 236. 

by cup and cone, 237. 

in Germany, 237. 

at Barrow, 238. 

at Groamont, 238. 

Langen’s apparatus, 237. 

composition of, 239. 

from furnaces using raw coal, 240. 

— collection §i tar, &c., in Scotland, 
240. • 

solid matter carried over by, 241. 

Water, miner’s inch of, 769. 
Water-balance, 243. 

Water-gas, 107. 

pioducer. Strong’s, 108. 

Water-jacket fuinace, Coueion, 618. 

Leadville, 625. 

Pontgibaud, 616. 

Water- tuyer, 208. 

Weathering of iion ores, 186. 
WeisBstrahl, 255. 

Welsh method of copper-smelting, ores 
treated by, 417. ’ 

mixing the ores, 417. 

calcination of mixed ores, 419. 

fusion of calcined ores, *^421. 

calcination of crushed coarse 

metal, 423. 

fusion of calcined coarse metal, 

423. 

roasting white or pimple metal, 

424. 

refining and toughening, 425. 

making “ best-selected,” 427. 

use of phosphorus in refining, 

427. 

- modifications of, 428. 
Westman’s gas-kiln, 197. 

Westphalian hot-blast stove, 228. 
Wetherill process for zinc-white, 520. 
Wheeler’s pans, 707. 

White arsenic, manufacture of, 497. 

pig-iron, 126, 254. 

metal, 424. 


Whitwell’s hot-blast stove, 232. 

dimensions of, 233. 

Whitworth’s compressed steel ingots, 365. 
Widmanstatten’s figures, 131. 

Willemite, 603. 

Windofen, 169. 

Winslow’s squeezer, 310. 

Wohler’s aluminium process, 529. 
Wolfram in tin ore, 479. 

Wollastonite, 204. 

Wollaston’s platinum process, 813. 

modification of, 814. 

Wood, air-drying of, 30. 

ash of, 32. 

calorific power of, 21. 

composition of, 29, 32. 

dried at 136“ C., 30. 

hard, 30. 

water in, 29. 

specific gravity of, 31. 

soft, 30. 

iron ore, 134. 

Woods, charcoal yielded by, 63. 

Wootz, 331. 

Work-lead, 632. 

Wrought-iron, analysis of, 373. 

carbon in, 126. 

preparation of, direct, 168. 

from cast-iron in open fires, 

280. 

by the reverberatory furnace, 

288. 

production of, 373. 

quality made in Yorkshire, 295. 

Wulfenite, 569. 

Yellow metal, 467. 

Zacatecas, patio process at, 686. 

Zafires, 384. 

Ziervogel’s process for extracting silver, 
727. 

■—■■■■* materials suitable for treatment by, 
727. 

roasting, 728. 

composition of charges, 728, 

testing roasted ore, 729. 

use of hard wood as fuel, 727. 

loss of silver in roasting, 730. 

lixiviation and precipitation, 730. 

treatment of precipitated silver, 732. 

employment of precipitated copper, 

732. 
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Ziervogel*« and Auguatin^s processes com- 
bined, 732. 

Ztne, ancient use o^ 6. 

blende, 501. 

carbonate of, 502 

combustion of, 499. 

commercial, analyses of, 499. 

gris de, analysis of, 500. 

extraction of, roasting ore, 510. 

Belgian process, 512. 

English process, 511. 

grinding calciued ore, 510. 

Silesian process, 520. 

in the United States, 519. 

— furnace, Silesian, at Llansamlet, 521. 
— ^ metallic, first mention of, 498. 

metalluigy of, 510. 

native, 601. 

ore, red, 501. 

ores, 600. 

— ores, assay of, 506. 

fire, 506. 


Zinc ores, assay of, humid, 506. 

• Tolumetrio, 507* 

preparation of re-agents, 

608. 

estimation of the aino, 

608. 

interference of foreign 

metals, 509. 

distribution of, 504. 

oxide of, as a pigment, 499, 

oxysulphide of, 504. 

production of, 606.’ 

properties of, 498. 

pure, preparation of, 499. 

sheet, 525. 

silicate of, 608. 

sulphate of, 604. 

white, preparation of, from zinc 
ores, 520. 

from .metallic zinc, 520. 

Ziuc-brasB, ancient, 6. 

Zincite, 501. 


THE END. 


faiMTlO BY BALLANTYNB, HANSON AND CO. 
XOINBUaCH AND LONDON 






